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The Shuttle User Analysis {Study 2 ^ 2 ) Final Report is comprised 
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V olume I 

Executive Summary 

Volume II 

User Charge Analysis 

V olume III - 

Business Risk and Value of Operations . In 
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Part 1 - Summary 


Part .2 - User’s Manual 


Part 3 - Workbook ' : 


Part 4 - Computer Programs and D.ata 
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V olume IV - 
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1. INTRODUCTION 

This part (Part 4} of the BRAVO report contains computer pro- 
gram listings as well as graphical and tabulated data needed;, by the analyst 
to perform a BRAVO analysis. This document contains some information 
previously documented in Reference 1-1 but reproduced here for easy 
availability. Sections 5, 12, and 13 are new material. Sections 3 and 4 
have been revised. Only minor changes have been made to Sections 6, 

7, 8, 9, and 10. •- 

Section 2 describes the graphical aid which can be used to deter- 
mine the earth coverage of satellites in synchronous equatorial 'orbits. 

Section 3 contains the listing for the Satellite Synthesis Computer Program 
as well as a sample printout for the DSCS-I1 satellite program and a list- 
ing of the symbols used in the program. This program is coded in FORTRAN 
language. The APB language listing for the Payload Program Cost Esti- 
mating - Computer Program is given in Section 4. This language is compatible 
with many of the time-sharing remote terminal computers used in the 
United States. Section 5 contains the APB listings for the Satellite System 
Optimization Risk, Bogistics, and System Computer Program, which is 
also referred to as RISK. Information on the NASA Space Tracking and 
Data Network (STDN) is given in Section 6. Data on the Intelsat Communi- 
cations network are contained in Section 7. Costs for telecommunications 
systems leasing, line-of-sight microwave relay communications sys- 
tems, U. S. Postal Service, submarine telephone cables, and terrestrial 
power generation systems are described in Sections 8 through 12, 
respectively. The APB language listing for the Cost Effectivene ss Com- 
puter Program is given in Section 13. 

References used in Sections 6 through 12 are listed in Section 14. 
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2. GRAPHICAL, AID FOR DETERMINING COVERAGE BY 
SATELLITES IN SYNCHRONOUS. EQUATORIAL ORBITS 


This section describes the use of a graphical aid developed by 
The Aerospace Corporation for use in determining earth coverage by 
satellites in geosynchronous orbit. The aid allows the user to: 

1. establish the footprint around an aiming point corres- 
ponding to a given antenna bandwidth when he is given 
the prescribed boresight aiming point. on the earth's 
surface, and 

i % 

2. define the required orientation of the antenna beam 
axis and the antenna beamwidth when he knows the 
area on the earth* s surface to be covered by a beam 

. emanating from the satellite. 

The aid itself, which consists of: 

1. an azimuthal. equidistance mapping of longitude meridians 
and latitude parallels (Fig. 2-1); 

2. a set. of ten transparent coverage overlays displaying earth 
footprints (i. e. , beam intersections) corresponding to six 
antenna beamwidths from 0.5 to 16. deg and a series of 

ten off -nadir aiming points from 0 to 8. 5 deg (Fig. 2 - la 
through Fig.. 2-lj); and 

3. a transparent overlay of visibility- circles for six series 
of elevation angles which conform to the above mapping 

. (Fig. 2-lk); 

is contained in an envelope at th'd back of last years report,' ATR-74(7334)- 1, 
Vol. IY, Part 4 (15 February 19-74)*. 

The aid is currently used to answer two specific questions, although 
other applications may be developed in the future as the user becomes 
more knowledgeable in its usage. The use of the aid in answering these 
questions is illustrated by the following two examples. 


* This report (see Reference 1-1, Section 14 for. full title) is available 

upon request from The Aerospace Corporation. Contact E. I. Pritchard, 
telephone (213) 648-5737. 
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1 . 


What is' the- beam’s- footprintron the* earth when the- off- 
nadir angle and: azimuth. for . the boresight aiming point 
on. the earth’s -surface is given? 

Example:. Satellite longitude . - - 100 degE." 

Off- na d i 3r: angle ■ = 5 deg 

Azimuth angle = 40..deg 

Place the- cross (+) on Figure. 2-lf atithe .center, of Figure 
2-1 and rotate- Figure 2 -If until the index:- line intersects 
the azimuth - scale on- Figure. 2.- 1 at 40. deg., The. resulting 
aiming point is approximately 121 deg; ETongitude (2.1 deg- 
from the -graphical -aid plus the original satellite longitude 
of 100 deg) and; 2 3. deg N latitude., The coordinates for the 
•footprints .corresponding to a beamwidth of 0.5, 1, 2,. 4, 

8, 1.6 deg, can be -r.ead directly from the appropriate foot- 
print traced on.Figure 1—1,. i. e. , for a bandwidth of 1 deg, 
the footprint runs from approximately 117' to 124 deg E and 
20 to 26- deg N. < 

2. . What is. the required orientation of the antenna beam 

axis and the antenna bandwidth ’if .it is 'desired to c over 
a specific area of the earth's, surface by a beam eman- 
ating from a satellite in synchronous equatorial orbit? 

Example: On Figure 2.-1, plot the specific area to be 
covered relative to the satellite’s longitude (0 deg on the 
figure). Select the transparent coverage overlay (Figure 
2-1X)-*- which best -covers the specified area. Place the 
cross (+) on this overlay at the center of Figure 2-1. 

Rotate Figure 2 -IX until the area on Figure 2.-1 is covered 
by a beam footprint. The index, line on Figure .2-1X inter- 
sects the azimuth scale of Figure 2—1 at the required 
azimuth.. The- required beamwidth is that corresponding 
to the smallest- footprint which encloses the specified area. 

The graphical aid can also be used~to determine the antenna eleva 
tion- angle to any ground location by placing f he cross (4) in Figure 2- Ik 
at the center of Figure 2—1. - Thus, for the first example, the elevation 
angle would be approximately 66- deg. 


X a<X <’j 
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3. SATELLITE SYNTHESIS. COMPUTER PROGRAM 

3. I • PROGRAM LISTING 

The listing for the Satellite Synthesis Computer Program is 
shown on the following pages of this section in FORTRAN language.* 
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;ij£**ilp|?r«pH! p >e^ T RKIj T <PK!*W6l(I 


MP2R 


FORMAT 
1 A1G? 


UE 

UTTfT; R>A"jy'TH5 VALUES FRO^T T ' H E ; 3 A T ' A CWJDgCK 


"ST37 


( 

»F13. , 

4o±ii 
F i d . u , 


4F13.4, 

5F10.4, 

6F10.4 


41C 

2A10 

TTOT7 
A 10 » 
A1C 


/ 

/ 

TlC , 4, 
F10.4 


TTF 


mm 


00 


TnrnriT 

300019 

00002Q 

000021 


(TOO 022 
000023 
000024 
000025 


146 

153 


T cFTOTfe 

0 6F1J.4 

READ (60, ■* 

T X^lli^WR, 


PWRTYP, 

SORTIE, 

XrtJKOMIN, 


) 

0R6AP0, 
"TNT'A'CC , 


/ 

) 

0R3PER , 


S 

8, 


DENI ) uuui 

,, ORINT, ACSPROP, 

» 0 , r* f— -r ' 

XHHDMjiX. 


OR 31 f-'C * 

rim, 


d 5? MOD MIN 

7 XNDNLNK, 

8 ANTDIAM, 
IFJDPBA^O 


xmmoInc, 
TTOUINC, 
XNT A°RC , 
COMFREQ, 
.LT. 2G. ) 


CFI, 


TTT0DMAX PTTLTFTR J 
DATA°RO, ENCOOR, 
XNANT, Fl 

STOP • 


P3ATF . 
“STRTYP, 
XME1, 
PADTYP, 
REDUN. 

_rn 1 


TT7 
XNXPONO, 

0, 


STA3TYP, 

TRTTPTYP; 

TYPE, 

OVi, 

PROGRAM » 


PWR&PQN, 


"0 0 0 025 
000027 
000028 
000029 


Ttnnnr 

000031 

32 

000033 


TTJ0 34 
000035 
000036 
003037 


154 

157 

160 

T5T~ 

171 

176 

202 

"2W~ 


"b = 32.2 
IF (SORTIE .EQ. 1. ) SO TO 
B F = , PACKFTR 

RETGR = 500. £ RET1R = 500, 


TTXC1R-ST26 3. 


EXCGR = J , 

XMAGGR = 3.- TXMAG1R =1575, 

DDK'jR = 400 . 5 ODKIPs = uOG. 

RAILGR a 320 . 3RAIL1R = 0, 


110 

$ RET2R =750 
1 E XC2R =1900 
SXMAG2R =2300 
S DDK2R = SCO 
TRAIL2R = 0 
I DIS2F 


RETSOR s 
rXTJFTOR' = 


SXMAGSOR = 
5 DOKSOR = 
SRAILSOR = 


100 . 

0T 

0, 

0 • 
0. 


UUU U JB 
37-1 
000039 
39-1 


T9 -2 
39-3 
39-4 
39f5 


213 

216 

222 

~ZIT 


ISIS Ml = 270 . I DISiR = 270, 
IF (GV1 .LT. 2. ) OVI = 0. 
IF (STA3TYP .EQ, 10HSPIN , 
IF (STA9TYP .EQ. 10H2-SPTN 


GOO 


270. £ DlSSOR = 150V 


> ORINT =0 , 
) ORINT =0. 
T PADTYP 


OR.1CHUN0RI 
OR.1GHUNORI 
6 1 


o9rb 

000040 

40-1 

40-2 


231 

235 

236 

-&nr 


-pr- 


__ (STA3TYP .EQ, liHSPIN 
Ir ( ORINT • EQ. 10 H'JNORI 
XNDL = XNDNLNK 
XNTR = XNTAP.RC 


) , STRTYP = 0 . OR 


7&'R. 1G HRIGIO 
.lGHENC ‘ 


(DO 

1 


TTPT 

ooao4i 

000342 

000043 


241 

243 

243 

"Z¥5" 


247 

250 

254 

76F 

264 

267 

271 

~TFT 

274 


TP 




_ ATAPRO 
ENC = ENCOOR 
XMc 2 = 0. 

XNAME = SHSATHTS 


CALL Dfil z ( TODAY ). 
c OM = 89S . 

IF { FROPTYP' . £0; lOHSOLIO 
IF ( PftOPT Y 3 . EQ. 1CHLIQUIO 


TT l PRTPTYP ,t(j. 1 ONNOW. 
IF ( FO . . LT . 1. ) PC = 1. 

IF (TYPE . EQ . 10HCOM I ) 

IF (TYPE .£-3. lQHOBS I ) 


> B D = 111, 

) PD = 63. 


i Pir=" i, 


11 


"i'OHNAV 


274 

"275" 

277 


IF (TYPE .EO 
CONTINUE 

USE THESE FACTORS FQQ COM 
ECFM = 1.33 

” T 


SO TO 11 
GO TO 12 


) GU I U IT 


( COM ) 


GNr M = 1, . 

ACINFM = 1.28 


000044 
000045 
000346 
000047 
UU 3 043 
000050 
000051 
000052 
300053 
000054 
000055 
000056 
000357 
000059 
000359 
000060 
OOGU51 
000062 


REPROjJ U CiiilLlT Y OF THE 
ORIGINAL PAGE IS POOR 



OJ 

1 


30 0 
304 

in C 



IF IAC5PR0P .§§♦ : 
. TTCFH • = 0.7s 
ri fm s 1 . 45 

L8HCOLO GftS ) £CINFM =■ 2*6 

- t 

000063 

.000064 

000065 

■ n*nnnr>s 


— w- 

310 

312 

74 C 



XM^PH = 1.0 U ' ‘ 

Xf1 5°TLlFC : ’= ( 1.223 * XMMQLC ) + 0.067 

G G ’ T 0 1 4 * - - — 

66-1 
66-2 
(100 067 
— IT'Q'Q'ffB'S 


J15 

IT? 

315 

74 d 

c 

~TT~ 

^'Ffvsrn^iJF . * 

US^ TH?SE FACTORS. FOR 0BS ( EOS ) 

ECFM = 1.35 

r.MFM 2 Uft - — - — — — — 

000069 
000070 
000071 
“ ' n 0 0 ! j T2 


OlO 

isin 

321 ' 
325 



' ACINI- M = T7T& 

IF (ACS PRO? ..ECU 

ttcfm = 0.6% 

= t FM ,= 2 . %G 

10HHOT GAS 3 ACINFM = 1,23 

000073 
000074 
000075 
— D WIT7 6 


J C U 

3715 

331 

333 

c 


XhEfM = ITOO 

XMMOLC = 1. 

50 rar.TORS FOR N AV ( SEO ) . 

76-1 
000077 
000078 
— 0’tRI TT9 


333 

33% 

336 


T3~ 

,£CFH = 1.56 
GNFM = 1.07 
ACINFrt = 1.26 
IF l ( ACS PROP 

t 

1JHC0L0 GAS ) ACINFM =2.8 

000380 
000081 
000082 
— rr {nr(TB 3 


*y *3 f 

3¥3“ 

34% 

346 

T/,7 



jtufti =■ 1 . ip 

ELFM = 1.81, 
XMEfH = 1.47 

YMMm n s 

> * * 

00008% 

0Q0085 

85-1 

g 0 0 'T3~5 — 


«T f 

3H51 

351 

356 

tt 4 


14 

5 SPS. • 1-9 ! SSIIh.Mt«,* *■* *' 1 -» 5 #CIN,L ■ 1,0 

TI SSU iAA l.V' L ' V" • • 

000087 

000088 

0Q0389 

39-1 ’ 


JUl 

363 

365 

365 

7£7 


20 

97 

— A'HFM = t.ii 7 
CONTINUE 
XMOO - XMOOHIN 
HO NT I MU E 


' 000090 
000091 
008092 

— non 093 


aOt 

V57~ 

371 

373 

* 7 c 


^ £>• 
23 

XMHJ"'* XMIUMITI 

' 'CONTINUE 
ACINRLF = (.1618 
TTCRLF s (.131% 

* XrtrtO) % Q.5Z05 

* X MHO ) *■ G . 5 465 __ 

00039% 
000095 
000095 
oog‘ire7 — — “ 


ZTT~ 

"ai 

4 

r 


JuLF t .1334- 

ELRLF * (.059% 

0I3TRLF = i#ll „ 
■ nS0S-II (7771 

+ u.bt>e>s> 

* XPH3) f 0.6515 

i HAS AN MMQ OF % YEARS FOR COM MISSION EQUIPMENT 

y U v u v f 

003096 

000099 

99-1 

— rtrt) 


OTB“ 

410 

411 

£» A C 

w 


- — ~ t -VT8I4- "+ X^lfU ) + U.c/H* 

X tp Rl ( F C00E’.I0. 1CHDSCS-II ) XMSRLF = XMERCOM 

SATLIF = ( 1,223 * XMM3 ) + G.G67 — 

100-1 

100-2 

003101 

000102 



c 


ThTS ROUTINE CALCULATES THE CURRENT EXPEND ABLE_WEIGHT_ (COL^i^J^ 

000103 

000104 


4 5 h 

c 


YMMP 11 — ? . 5 

' 

000100 

— trarmrs 


*tcu 

-57T 

%2 3 
•♦2 % 
(1 O A 


3 

SAI LIFi= ( 1.227 
GW1,= 1 COO. 

OH1 = 800. 
CONTINUE 

* XMiOl" ) + ii ,"0fc7 

y y y v ^ 

000107 
Q0 0 10 8 
00 0 10 9 

— gooiio 


7C w 

STS’* 

42 6 


rr 

CUNTINCTt „ ' 

XLT001 =1.3 


000111 




427 
432 
434 . 


IF (DENI .GT. 0, ) GO TO 28 
IF < GWI «3E • 2000. ) GO TO 26 

IF (GWI ,.LT. 2000. ) GO TO 27 

111-1 

000112 

000113 

4^6 

436 

444 

451 

~~rr 

1 r-MTTNUF' 

DEN =144. 135 / ((GWI - MPi - AMIN1 ) **.0,3’4i?3 ) 
IF (GWI .GT* 100 km. ) DEN = 4.= 

GO TO 28 

J03114 

OOOL15 
115-1 ' 
000116 

45? 

452 

460 

465 

27“ 

28 

OEN T = NU 36, 8463 /((GWI - MPI - ANlNl > **' 0.194521 ) • . 

IF (GWI ,LT. 300 . . ) . DEN = 11. 

CONTINUE 

jnrjxrr 

* 003118 . 

. 118*1 
000119 

4 §5 
470 
472 
477 


TF""TuTTi . GT . ")"«) "OEn = DT>H ” 

90L1 = OW1 / OEN ' . , . , • . ‘ • > • 

OIAM1. « (VOLl / (.785 * XLT001)) ** .333333 
XLGi = XL TOO! * Ot AMI ■ *_• - . ' 

000 120* 
000121 
' GOD 122 

SUIT' 

503 

503 

504 

24 

rrTDT fiffl . L T . T4 7T > GO TO To ■ * ~ 

CONTINUE 

D IF M (STaItYP ,£Q. 1QH2-SPINL • . . A'N 0 • ACSPROF .EO. 10HHOT GAS 

U 00 123 
000124 
000125 
) 125-1 

515 

523 

523 

15 

1", WPF = 0.343 

XLG1 = VOL1 t (.’Sa.* (OIAM1 ** 2.)) 
CONTI NJE 

OIAHIE «3..* ANTOIAH 

125-2 

000126 

000127 

127-1 

525 

526 
• 53C 

531* 


XL51E 1 . X-LG1 ^ ANT OBTfl : 

GWT = GWi • 

ECi = 0.025 * GWI 

AVEALT = (OR3APO * 0R9PER) / 2. ■ — • 

127-2 

000128 

000129 

000130 

— n /I i \ 


OJ 

1 


T3V 

544 

554 

564 


WGNSrIN = 1 ,79 * ( ( GWI ** .35 ) 
WG2SPIN = 3.5 ' ““ 

■ IF ISTA3112. 


... . * (PNTACC ’* (-0.39 ))) 

* ((GWi ** .-17) .* (PNTACC '** (-0.107))) 

_ 10HSPIN ) GN1 = WGNS PIN 

IF (S T Ag TTF .Eg. iflHg=gF rfl ) GNi " = WG|SPpr 

IF (STA8TYP .EQ. 1QH3-AXIS ) GN1 - WCN3A _ 

COPI = ' 5 0 » + ( 5. * (ORBAPO ** .1 ) * (XNOl-i. ) ) +•< la. *XNTR) 

TtGl ■= CQPI ' : 

T O T FWR ''' = XNISRWR t l OT i 
IF (ACSPROP .£0. 1GHHOT GAS ) WPF =0.348 
I«F- ( ACSPROP . EQi 10 HCOL 0 GAS ) WPF = 1.043 
ACWPi s wop ■* (3ATLIF1 ** D.20G) * (GWI ** 0.7-69) 

ACINHG "5T3.123 » -AWPi TT (0.063 * ( GUI **~ 0. 7 75 1 1 “ 

ACINCG =(f.t'5 * (ACWP1 ** 0.846))+ <1.37. * (GWI ** 0.269)) 
IF (ACSPROP • .EG. 10HHOT GAS )• ACSIN1 = AGINHG 

IF { ACSPROP .E§. iOHCOLD GAS ) ACSIN1 ■ = ACINCG 

IF (ORI ' N T ,£3. iS ' ffgai .AND’. PA3TYP .M. lOHRlVIl)- 

1 IF°(ORINT .Fa. 1GHORI > , .AND. PADTYP • EQ, 10HFLEX 

1 GO TO 19 


000132 

003133 

000134 

OOOT35 

000136 

000137 

000130 

000139 

140 ' 

003144 

003145 

OBOTW 

000147 

000148 

000149 

0 0 0T5"r 

000151 

000152 

000153 

000164 

000155 
000156 
000157 
UUUT5T' 


T7F 

574 

600 

■M- 

620 

624 

631 


* OP+ ENC 


“55T 

646 

657 

663 


~WT 

677' 


) 


> GO TU "21 


-rwr 

Wr 


18 


if corin'i'' ,TTr. 'i'bffDTn 

WSAORL* (( TOTPWR . * (2.67 -.0.39 * (ALOGlO (AVEALT) ))) / ( 9.0 - 
1 (AlOGifltSATLIFi) ) ) ) * ((1.0 /PF) 4- 0.35) * (0.99 ** (XIOC -I960.)) 

\5flb°^-Hn oT PW R- ^T g7 i ? - 0.39:;; ialogio;<av|a - l i > ) 1 i> / (9 .tj-- — 

1 ( AL0G13 (5ATLIF1) )));*.(( 1. 0 / PF) +■ (2 , * 3.35) ) * <0.99 ** 

1 WSAORH = \ If QTPWR » (2.67 - 0.39 * ( AL ObjLO ( A VEAL T) ) ) i) / (8. 6 - 

1 ( ALOGIO ( SAT LlF 1 )) ) J * ((1.0 /VV) V U.35) ’ '<0.99 ** 

1 (XIOC - 1960. > ) . 


ITT 


737 


003159 

003160 

000161 

QOOTb‘2 

000163 


^EPRODUcBi^rry of the 

ORldCMAL PAGB IS POOR 



3-5 


1004 

1010 

1021 



1 

IF ( AVEALT «LT « 501. ) USA = WSAORL 

IF (AVEAL T . GT. 501. .AND. AVEALT .LT, 19030.) WSA = WSAORM 
IF (AVEALT . GE. 19000. ) USA = WSAORH 

000164 

003165 

000166 

1025 

1026 
1026 


19 

GO TO 25 ' 

CONTINUE 

W S A O RL = ( (TOTPWR * (2.67 - 0.39 * (ALOGIO (AVEALT) ))) / ( 9.0 - 
1 (ALOGiO (SATi-IFl) ) ) ) * ( ( G . 2 /PF) + 0.35) * (C.99 ** (XIOC -197C.)) 

000167 

000168 

000169 

000170 

1052 

1076 



“T75T0RM = ((TOTPWR * ("2.67 - _ 0.39 * (ALOGIO (AVE ALT")") ) ) / (9.G 
i (ALOG10 ( SATLIF1) ) ) ) * ((0.2 / PF) + (2. * Q.35>>* (0.99 ** 

1 (XIOC - 1970.)) 

WSAORH = • ( (TOTPWR * (2.67 - 0.39 * (ALOGiO (AVEALT)))) / (8.6 - 

300171 ' 
000172 
000173 . 

000174 

1123 

1127 



1 1.“'"* (""AI'O'GTJ (SAT'LlFl) ) ) ) * ( (U. 2 TW1 + 0.35) ♦ (0.94 *♦ 

1 (XIOC - 19 7 0 . ) ) ■ J 

IF (AVEALT ,LT. 501. ) WSA = WSAQRL 

IF (AVEALT .GT. 501. .AND. AVEALT .LT. 19000.) WSA = WSAORM 

flU 3 1A3 
000176 
003177 
000178 

mnr 

1144 

1145 
1145 


21 

IF (AVEALT .be. 19000. )WSA = WSAORH 
GO TO 25 
CONTINUE 

WSAORL= ( (TOTPWR * (2.67 - 0.39 * ( ALOGIO (AVEALT) )>) / <3. 38-. 3 1111 

1)001/9 

000180 

000181 

000182 

1172 



1 ( A I 'd 5 1 O TJA'T L'I'F l ) ) J > * ((.38 / n F )~ + (JT35 ) * (T . 9 9 * * _ ( X IOTT - i 0 . TT~ 
WSAORM = ((TOTPWR * (2.67 - 0.39 * CALCG1C. (AVEALT)')))' / (-3. 38-. 3* 
1 (ALOGIO' (SATLIFi)))) * ((.38 / PF) + (2. * 0.35))* (0.99 ** 

1 (XIOC - 1963 , ) > 

CnTTTffl 
0 0 018.4 
000185 
303186 

T2I7” 

1244 



WSAORH = ((TOTPWR * (2,67'- 0.39 * (ALOG1U (AVEALT) ) ) ) / (3.19- 

1 0.47* ( ALOGIO (SATLIr 1) ) > ) * ((.38 /PF) + 0.35) * (0.99 ** 

1 (XIOC - I960.)) 

IF (AVEALT .LT. 501. ) WSA = WSAORL 

“ (T0T3T87 
003188 
000189 
000190 

1250 

1261 

1265 

1265 


25 

TF (AVEALT .GT. 501. .ANU. AVEALT .LT. 1900C.) WSA = WSAORM 

IF (AVEALT . G~ . 190GD. ) WSA = WSAORH 

CONTINUE 

P BAT = ( P3ATF * XMISPWR ) + 200. 

000 191 
000192 
000193 
194 

1270 

1271 
1274 

IT 


3 AT . WT = FACTOR X WATTS" X ECLIPSE T iME /CYCLE X REDUNDANCY X 1UU 
R = RE0UN 

FBI = 0.454333 +(0.037333 * SATLIFI) 

F32 = 1.01B14 - (0.00003628 * AVEALT ) 

000195 

000196 

003197 

000198 

T27T“ 

1301 

1304 

1311 



s FTI * F1T2 = 

TE = 0.03694 * (AVEALT ** 0,349087 ) 

IF ( AVFALT .Lt, 2800.) TE = 0.59 

3AT7 = F3 * TE * p 3AT * (1. + P) * (0.99 ** (XIOC - 1970 .')) 

o o OTsrg 
00320,0 
00020-1 
000202 

1324 " 

1324 

1327 

1337 



(JUNT iN'Jt 

WELE- = XME3 + TTC1 + GN1 

DI3T = 0.013 * (( WELE ** 1.31) * (VOL1 ** 0.16)) 
ELINV = 3.11 * (TOTPWR ** .333 ) 

tnnmn 

000204 

003205 

000206 

134 3 
1347 
1353 
1363 



TUI =" W3 A" '+' 3 ATT +'OIST + ELINV 

IF (STRTYd , £ Q , 10HEND0 ) SFR1 = 0.213 ■ 

IF (STRTYp .EQ. 10HEXO . ) 3FR1 = 0.129 

EQWT = E Cl + GN1 + AMI N 1 + MPi + ACSJN1 + ACW°1 + TTC1 + ELI 

— tnrtmrT 

GO 1.206 
300209 
000210 

1373 

1375 

1406 



"1 — + "XME3 + RE5TDT * ' 

XL TOO = XLG1 / DIAM1 

STR1 = SFR1 * (((EQWT ** .9) * (XLTOD ** .24)) ** 1.096 ) 

CF 11= CF1 ’ 1 

0 0 J 211 
000212 
000213 
000214 

1416 

1416 



C GTi - CFll* (STRl T m * 3171 T ACS I K 11‘ + INI ? TTtTI * ETC! ) ~ 

PALLET = 0.3 

I r ( D V/ 1 .LT. 2. ) GO TO 6 

— crtnrzrs 
0 0 0*216 
003217 
003218 


nr 

c 


f .b U U‘jMH + .Su H yDRAZXNG~VAO* IMPULSE - 310 . .SEC 
N2H4 VAC ISP = 200 .*, 

0'03'2i"9 



LO 

1 

O 


1421 

1425 

1430 



IF { PROPTYP .EQ. IOHLIQUIO ) XMPISP = 300. 

IF ( PROPTYP . EQ. IOHLIQUIO > t 20u, 

IF { PROPTYP .EQ. -lOHSOLIO. ) XMPISP = 2»0._ nr 

000220 
000220 
000 2-21 

1434 

1445 

1446 
1450 


6 

— MPi - T" g YP ( 9VT / ( -X^rSP »'g.))- - lU-^C UNj. ; H- 4Cyp-l > ' ' 

AMIN1 = .2= * MP1 ’ , ' • < • ' ■ 

TOTIMP = MPi * 'XMPISP • . •• 

CONTINUE • • '* • 

033222 
000223 
000 224 
000225 

' " T45TT - 
1 1452 
1454 
1461 



— IF um. TUT, 0. RVI =0.0 4 . 77 “ • 

XPONDWT 1 = *XNXPONO ) '-*t( ! Q?09 '*^PWRXPON) :%(3.13 * XN.XPONQ) t &4»> 
IF- ( CODE" .sQ.iOHDSCS-II ) XPONQWT = 180... . 4 . ; . . . . v ‘ 

226-T 1 

225.-2 . 
000226 
50-3 • '• 

1465 

1476 

1502 

~U~ 


T K10T?"-- _ C0H7RFQnrS EXPRESSED IN GIGAHERTZ “ , ' ■ ~~~ ~ 

ANTWT ' = 0.512 * ( ( 4NTDI AM **■ 1..661) -(COMFREQ '•** , 332? • } tX^4NT 

IF { CODE «£Q.1GHQSCS-II ) ANTWT = 57. ‘ ’ ‘ ' - 4 ’ • 

XME3 = XM-i f XPONOHT f ANTWT 4 \ • 

0U 3 22 1 
000226 
5 Of 2 •• 
000229 

1505 

1517 

1521 



0W± =“S'TR1 + '£'Ci r + GNi + ACSINi + A H I «4 1 + TTCl^ 
1 ELI + XME3 * RES ID, + CONI : 

GW1 = DW1 + ACWPi >+ HP1 - . . i • 

WTDIF = ASS (GUT - GUI...) •' = 

000238 r 

003 231 
0002-32 
000233 

1524 

1527 

1527 

1536 



IF" TwTDTF . 5T . i.) GO TO T? ; . . 

AMWPi = MP1 • • * r ' 

SFCWT = STR1 / |GMi. - STR1 •jftMljll -AHWPi -SEPORY -SS?H£* XUNR1) 
ARE Ai = ( 3. 141593 * DIAM1 * XLGl-)- + (2. f . 765 f ( DIAM1 -f f. 2. ) )' ' r _• 

0 0 3231. 
00 0 2:35. 
000236 
000237 

" * 

c 

c 

n 


; — : 7 " — n TT 

THIS ROUTINE CALCULATES ADAPTER WT. 'FOR THE ' QURRENT WT f Ofi iq 

FT. SIAM. • MOUNT -(EXPENDABLE BOOSTER 1 )' _ 

000 239 
000243 
000241 
000242 

1545 

1547 

1547 


‘ 3 ‘ 

; : • ” r • • 

TH1 = .10 - • 1 ••• ” * • 

CONTINUE ■ . 

DIAIAV .= ■ (13. j ’ + DIAM1) / 2. 

UOU 24 J 
000244 , 
000245 
000245 

T55T" 

1552 

1554 

1554 



D3SL = 13.00 - . ' • • 

03SH = 13.5 ’ ’ ’ , ' 

PALL! = .O'. ‘ . 

'IF: (PALLET .-Q.,1.-.) GO TO 1 ' , . - ' ■ . * 4 ■ . ' 

000247 

000243 

000249 

000250 

1557 

1562 

1565 

1574 



HSL^f - A"3S . (’V^TOTB - OIAHl F “ “ 

F3l * = !*"*'* Gv(l) 4 3 u : ((hIl/ 2.) t (XLG 1 V 2 .') ) FC^l )• ^CdlAlAV (ffH 

RiAV = OIAlAv/ / 2.- • • -i,;; 7 '■i.i.'U ■*'•» \ 

000 251 
000 252 
000253 
000254 

1375“ 

1621 

1623 


■ 

THi'''=TF3L' Z(2'. f 3. U159MG. M44. n uou 0 u u . * ( ^«? < ^17 KiMf 4 - ■ 

i**.6) ) ' + (.16* ( (R1AV /H3L ) **'1.3) $ ( CTH1/R1-AV} 3 <) ) )) ) ft) ♦ 5 

TH1T = ASS TTHl-r TBL ) • • • ; - { • : J < >' ' : \ 

THiTT =-.aaai * thi : : : 

0 00 25!? 
000256 
000257 
000258 

“ — 1373“ 
1626 
1632 
1634 



T3L"'"^“TH1-. - ■ • • - . 

IF (THU- ,GT 4 THITT ) GO TO 3 • 

IF (THi.'LT. . 03333) THI =,. 00 333 

TH3L = 12. f THI' 4 • . . 

T01T751 
000 260 4 
000261 
000262 

13337 

1644 

1647 



— TOPI = 3.14159 * <5 . C + (01AM1X2.)) r 11.^14 * hSL> t fHl 7 ? 
1 172.8 f:i. 5 ‘ ■* ■ ‘ • •' 

AORiT =(0.02 ’♦ GW1 ) + 12. . • - • 

.IF ( ADP1 .LT. 4 ,AOPlT 4 )• AOP1 = ADP1T ^ s 44 • ** 

OOO 263 
000264 
000265 
000266 

1653 

1654 

1654 

1655 

* 

1 

GO “Tin? • • .5 •••«:. ■*. 

CONTINUE 4 •’ ’ • • . • - 4 : 

AOP1 '= 0. - • 

PAlUN = 73.59 

0 U 3 2 b 7 
000268 
0 00 26.9 
000270 

1335"" 

1660 


7 

— PALL1 =-. — P’ALUN f . XLG1 - 7—7 ' “ ^ : 

CONTINUE - ■ ■ 7 . 4 , . , ; ’ 

UU U d ( 1 
000272 



+ PAULI 


XLWC = GUI + A0P1 + PAL.L1 

XL HI V = XLH1 

PAL-LiV = PALLi 


AOP1VL = H3L 
TH3L V = TH3L 

SF3LV = SFCWT 

•THIS ROUTINE CALCULATES THE GROUMO REFUR8. HT. (COL. R ). 


ST RFR^^l . J ECFR =1. 3 GNFR = 1. S AMFR =1. *. ACINFR 

1. I ELFR = 1. t XRE FR = 1. 

= TDTP'WR 
W1 

>WGR 

XLTOOGR = ■"*- 7 




1 * < AMWPMR /PO) ♦ ((AMENMR + SFIN«R) f 490 * >t,4 § PWPHR / POM > 
OIAilHR = ( VOLMR / ( .785 * XLTOOGR)) ** . 333331 
IF CDIAMMR' . GT . iS.OGJGO TO 127 


CONTINUE 
OIAMMR = 15.00 

XLGMR = VOLMR / (. 7 35 * (OIAMMR ** 2.>) _ 


ECFA = AREAMR / ARSA1 
GO TO 129 
128 CONTINU" 


000273 

000274 

000275 


0 0 0 2 7 7 
0 00 27 3 
303279 
0U OYffTT 
003281 
003282 
000283 
2TP. 
300283 
000236 
0.0 0 23 7 
O'U'OTTBr 
000289 
000290 
000291 


003293 

00329*. 

003295 


Q0029 7 

000293 

003299 


00J3C1 

000302 

000303 


000305 

003306 

000307 




^iNjr\ = uom ■ r , _ „ 

IF (ACSPRO° ,2Q. lC'HHOT GAS > WPF = 0 . 348 
IF (• ACSPROP • EO, 10HCOLO GAS ) W D F = 1.040 

ACWPGR= WPF * (SATLIF +* 0. 200 » (GHGR*» C . 769) , . , _ 


MJUfi Tl UN lb FUR -XHz NUAtfL- iAItLLi wnati i / o ur in; 

“ PROPELLANT FOR'INITIAL POSITIONING - SINCE SHUTTLE LAUNCHED 
SATELLITES HILL -92 POSITIONED 3Y THE SHUTTLE OR THE OOS, ONL 
1/3 OF THE ACS PROPELLANT IS REQUIRED. 


ACINHG =(0.128 * ACWPGR) + (0.063 MGWGR** 0.725)) 

ACINCG =(1.16 * (ACWF3R** 0.846))+ (1.37 * (GWGR** 3.269)) 

IF (ACSPROP . EQ. 10HHOT GAS ) ACSINGR= ACINHG 

IF ( AC ' S F RtP ^ — . EQ-— 

ACINGR = ACSINGR* ACINRLF 


■j 

315 

0 0 0 319 
003 323 


•J U U O C J. 

003322 

000323 

000324 

000326 
000 327 
000329 


000330 





2063 

2064 
2067 


"2070 
2073 
2101 
2103, 
"ZTW" 
2106 
2110 
2111 
' 2113 
2116 
2120 
2122 


DGNMMR = (G.NGR - ( 6 NGR / SnRIF)) * (ACINGR 
MPGR = H PI * (QWGR 7 OW1 > 

TOTINGE = XMPISP * MPGR 
KVT7TT1. = J,2'i * MPi,-‘ * AMRL 

36 gumthje „ _ „ 

TTCGv = T TO 1 * •TTC-F * TT CRL F 
OTCM-iR = TTGGP - ( T TC3R / TTCRLF) 

Wi AG R = WT5 * tDRCF 

SflTTGR = aan * ELRLF 
GXSTGR = OI ST * ELRLF 

^LGR V = K ^SA5R I V W oA l fGR L t 01S r GF » : LliWITR~~ 

)ElM1R = • “LG { - (ELGR / ELRLF) ' 


ACINGRB) 


000331 

000332 

000333 


“7T2X 

2125 

2130 

2132 

2142 

2144 


4NTWGR = ANTWT * XMEFR * xme^lf 
XF JNNGR = XF'J^OWT * XMEFR * X M E R Lf 
V M E i G R — = "JTTET — v XMEFR * XM’RTF 
XM'GR = ANTWGR + X PQNWGR + XKS1GR 
0M2 = XM-GR - ( XMEGR / XMERLF ) 
r QWTGR = r CGR +-GNGR + ACINSP + ACW 


ACW P GR ± AHIMGR ± UPGR ± TTCGR 


1 + ClTR + TTEITR + •? SSI DGI" 

^TRG^’ ="SFR1 M '* / ( UE>TGR ** .0) * { XLT QGG D +* .24)) *,f 1,0 96 ) 
"flOO 10 PERCENT TO STRUCTURE FOR IMPROVjO GROUND AOC ESSI OIL I T Y 


"'332 

0 03 336 
000337 
000333 

■ imnrr 

000340 

000341 

000342 

000344 

34^-1 

344-2 

344- 3 
•345 

345- 1 
000346 

— 3 oj" wr 

000348 
000 349 
000350 
J OU 361 

000352 
000353 
000354 
000 3V5” 
000356 
000 35'’ 
000358 


OJ 

I 

00 


"ZT55“ 

2157 

2160 

2165 


s f <tu~ « * i ;nr 

ppro— pp*' ’ 

'CONG.R~ = "cFGR'*(STRGR +ECGR + GNGR + ACINGR +AMIHGR fTTCGR +ELGR ) 
QWSR = STRGR ± EQHTGR - ACWPGR - MPGR ; : * • 


2172 

2173 
2116 


2177' 


T" + CONOR 
oWGR = OHGR + ACNPGR + H p GR 
WGW ~ A i3 (jWGRT - GWGR ) 

WGWT = 1. 

TF — (VJGN .01. WoNi ) GO TITTS 

THIS ROUTINE CALCULATES AOAPTEF LENGTH 4 NO HEIGHT 


000360 
000361 
000362 
0 u j'3'trr 


2204 

2205 
2205 


A M 2 R = H.PGR + AMi'RYR 
RALL2R = 0. 

PALL MR = 0. 

IF (PALLET . ZQ. 1 . ) GO_ 


TO - 7 


T?TI] TMR =, .13 

2211 39 CONTINUE 

2211 OIMRAV = (J3SH * OIAMMR > /2. 

2214 HRLH.R = A9 S.((D 9SH - OIAMMR ) 


2216 

2221 

2230 


2232 

2256 

2260 


IFC-HLmR' ,LT . . 53 ) H9lMR'“ , 5 c 
^117 = ( 3 . * GW.MR) + (((( H9L ^R / 2 . ) 
1 (OI *IRA \/ t + .)) 

VI R A 4 = OI-MAV / 2. 


/ 2 . ) 


+ (XLGMR /2 1 ) ) f GWMF) / 


* ( ( THR /KHR'ffVJ." 


2263 

2267 

2271 


n "s M v - J i ‘ > h v f c. 9 L j 

TMmR =(FmR /T>'. v 3. , i4l59*ii7 ¥ 144 1 »ic0G0 00 . *TT9T - , , .. v . - - 

1**,6))4 ( ,16*T(RMRAV/H3LMR> **lt3) * ( ( TMR/RH p AV) .3 l))))*^ 
THMRT = AGS (THMR - TMR) 

T HMRT T = .00 jl 1 THMR I . . 


. o 


2271“ 

.2273 


nr 


h*r ■■= rtR — 

IF (THsRT .31, TM^RTT ) GO TO 39 
IF (THMR ,LTi ,003 53 ) TH‘1R = .0C373 
T H 8 L M R = 12 , * • THRR 

iirnTTTWE ITT - ; 

A0P M R = 3,1+159 * ( JIMRAV 


) f (1.414 * HBLMR) 


00336 + 

000365 

000 366 

UUU'ib'7" 

000368 

000369 

000370 

003371“ 

000372 

0 0 u 37 3 

000 374 

"OWTT? " 
003376 
000377 
003 378 
“ 0 00 3/ 9" 
000380 
000381 
000 382 


"U'UUTBT' 

000384 



2300 

2303 



1 THM* ♦ 1?2. S * 1.5 

AOPM^T =<C.G2 * GWM° > f 1?. 

IF ( A3P.MR . LT. AOPMRT ) AOPNR = AQPKRT 

000385 
000 386 
000387 

2 30 b 
2310 
2310 
2310 


7 

= - ^■.■ y ^ 

GO TO + 8 
CONTINUE 
ftOPl’R - 7, 

DW3F8 

000 389 
300 390 
000 391 

2T1T" 

2313 

2314 

C 

^8 

°ALLMR = 7 3. 55 ♦ XL&MR 
CONTINUE 

AD P GR = ADPHR 

AOD 100 POUNDS FOR DOCKING RING + RENOETVOUS EQUIP, 

001592 
0G0393 
003194 
GQ0 395 

23 15 

23 16 

2317 
2320 ‘ 



A'JFGR = 4 UP. IK + TOu . 

failGp = 3 all ir 

G WM % = uWGR 

XLN6R = GWGR + ADPGR + PALLOR 

' UlKJ39b 
000397 
100398 
000399 

2323 

2323 

2325 


35 

l* * - 

CONTINUE 

IF (ST A3T Y° ,£Q. 1GH2-SPIN ) GO TO 93 

IF (3TA3TYP , EQ, 1DHSPIN ) GO TO 93 

G0U4UT) 

000401 
402 
A0 2-1 

2 32 7 

C 


THIS ROUTINE COMPUTES CURRENT DESIGN 0N-0R9 ‘•'AINT WTS 
TUTPH1R = TOTPWR 

UTTUW2 
000403 
GO 3 A0 4 
000+05 

2330 

2333 

2340 

2341 



SKHK= (0.1 1 4C2'8'H' XHUUT + L»TB'5T714 
IF (XMOD..GT, 8,). STRFlR= (0.0875 * XHOO) + 1.1 , 

E C F 1 R = 1. 

GNF1R = 1.0 t TTC.F1R = 1.0 S ACINF1R = 1.1S ELF1R = 1. 

3W4BT5 

000407 

000409 

000409 

ZZ 4b 

2346 

2347 
2351 



AMUR - TTj : 

XMEF1R = 1.3 
GW 1 P, = l.i * GNi 

0W1R = 1 .1 * DW1 . 

crrg^T 
410 • 
000+10 
300411 

2 Jb J 

2353 

2354 
2357 


b 1 

CWTTWE ' 

GW1TR = GW 1R 

IF < OSNl .GT, G. ) GO TO 65 
IF (6W1R .GT. 200G. ) GO TO 62 

— nnr4r2 

000413 

413-1 

G00414 

d 3bd 
2363 
2363 
2371 


6? 

tf nrwTR .li. rxzrr. ! co m ft 

CONTINUE . . 

c KDSiJlE = 523,6 / ((GW1R - *P1P - AMI Ni R) **C ,F 0 r 528 > 
IF (GW1R .GT. 10GC0. ) P ><DEN1R = 2.0 

U 0 0 41 5 

DC 3416 
000417 
417-1 

23/b 
2377 
2377 - 
2405 


63 

r-g f , j - h - . 

CONTINUE • 

PKDEN1F = 15,23 / <(GW1R - NP1P - ANIN1R) ** .147222) 

IF (GW1R ,LT. 300. ) PKOEN1R = 7,q 

0-0 0.41B 

000419 
000420 
+ 20-1 

2412 
• 2412 
2415 


b b 

CON 1 1 N u - — 

IF (DENI .GT. :. ) PKQEN1R = JFN1 

VOL1R = ((3W1R - HP 1R - AM1N1R)/ PO£NlR)+{ M»1R /PD) + 

1 ( A M I N 1 P / ,90, ) 

00 3 421 

422 

003 *2 3 

0 0 j 42 + 

” 2424 

2426 
2433 
2436 



XL ! UJ1R = u , 7 

OIAM1R = .(VOL1R / (.785 * XL TOO 1R) ) ■** .333337 
IP (UIAK1R , GT. 15. GC ) GO TO 58 
GO TO 69 

trot) 4Z5' - 

000426 

000427 

300428 

243 b 
2437 
2440 
2444 


b 8 

y y N | i n U ; 

0 1 A M 1 R = 15. jO 

XL IK = VOLiR / (.735 * (QIAM1R ** o #)) 

ARCAlR = (3,1 + 159 * OIAM1R * XL1R) t (2.» .7 *: * ( D I A M 1 R ** 2.)) 

O 0 J 4 2 9 
000430 
000431 
000+32 

2453 

2454 



:UPlA = AKlAlK / ARtAl 

IF ( £C C 1 A ,LT. 1. ) ECF1A = 1. 

OTO'O‘43'3 

000434 



-10 




2460 

2461 
2461 


69 

30 TO 71 
CONTINUE 

XL 1R = XLT0.Q1R * DIAM1R 

000435 

C00436 

000437 

2463“ 

2471 

2473 

2475 


71 

'ARE'AlR = < 3. 14i59~»inTHr? * XLIR) + (2. * . 7B 1 3~*nn'ATfrR _ ^ - 2 r 7T') 

ECF1A = ARE AIR / ARE A 1 
CONTINUE 

91 AIR: = 3. * ANTOIA-1 

— 0W4T3 

000439 

000440 

<+40-1 

Z477 
2500 
2503 
2506 



" TCI75 = XLIR * ANTDIAM 
SC1R = ECF1R * EC1 * ECF1A - 
GN1R = (< GNi * GNF1R) + 10.) * GNPLF 
TTC1R = TTC1 * TTCF1R * TTCRL- 

440-2 
000 441 
000442 
000443 

e&tiT 

2513 

2515 

2516 



— 1JT CH'-U'R _ = l-'T C 1 R - - CTTCIR /TTCRLF) 

W5A1R = MSA * ELRLF 
6 ATT tR = 3ATT * El.RLF 

0 1 STIR = (QI5T * ELRLF) +■ (19.7 * (XMQD -1.)) 

000444 

000445 

000446 

000447 

2523 

2523 

2525 

2531 



OiSTFIR = OJ.ST1R / OIST ~ ' 

ELINV1R = ELINV * ELRLF- 
EL 1R = WS AIR + BATT1R + DI5T1R + ELINV1R 
9ELMM1R = EL1R - ( EL1R /ELRLF ) 

— 000448 

000449 

000450 

000451 

25T2~ 

2535 

2537 

2540 



ANTW1R = AN?Wt * X1ERLF* XmEFIR 

XPONvJIR = XPOMOMT * XMEFIR * XF'tPLF * • 

XMSllR = XM El * XMEFIR * XMERLF 

XME1R = ArJTMlR + XPONW1R + XME11R 

451-1 
451-2 
451-3 - 
452 

2543 

2545 

2551 

2556 



DM3a = XMeir - ( /.MtiK / XMtKLh ) :: 

IF (ACSPROO . EQ. 10HHOT GAS ) WPF = 0.343 

IF < ' ACSPROP • EQ. 10HCOL D GAS ) WPF = 1.040 
ACWP1R= W»F * (SATLIF ** 0.200) * (GW1RY* 0.769) 

454 

000457 

000458 


U 

o 

U 

C 

C 


EdUAl ION Is FOR EXPENDABLE SATELLITES WHICH EXPEND 2/3 OF THEIR 

PROPELLANT FOR INITIAL POSITIONING - SINCE SHUTTLE LAUNCHES 
SATELLITES MILL BE POSITIONED BY THE SHUTTLE OR THE OOS, "ONLY 
1/3 OF THE ACS PROPELLANT IS REQUIRED. ' ' ' - 

003459 

000460 

000461 

000462 

'25'65' 

2566 

-2574 

2605 



ACWP1R = AUWPIR / 3. 0 ; r 

ACINHG ‘=(0,128 * ACWP1R)+ (0,063 *(GW1RY* ' 0 1 725>) 

- ACINC5 =<1,16 * ( ACWP1R** 0.846))* (1.37 f (iwiR*t 0.269)) 
IF (ACSPRQP . EQ. 1QHHOT GAS' ) ACSIN1R= ACItvlHG / 7 ' ' * 

300463 

000464 

000465 

000466 

26ll 

2616 

2620 

2624 



IK ( ACS P RQP . s-Q. ICHCOLD GAS 1 ACSINlR= ACINCG i 

ACIN1R = ‘ ACSIN1R * ACINF1R * ACINRLF 
QGNMMlR r (GN1R - (GN1R / GNRL p ) ) t (ACIN1R - (ACIN1R / ACINRLF)) 
MP1R = ( DM 1R / QW1 > *• H D 1 " ! : • « 

000467 

000460 

003469 

000470 

' 2575" 

2630 
2634 
2641 


66 

njTIR'lK - = XMP1SP ♦ TTFTR : • : 5 

. AKIM1R. = 0.25 * MP1R * AMRL Y AHF1R 
CONTINUE 

EQWT1R = EC1R + GN1R + TTC1R + ELlR + XHE1R + ACIN1R + ACMP1R + 

UUU4/1 

473' 

000474 

000475 

2650 

2652 

2664 



1 AMIN1R + M»lR + KESIOIR 1 7 : 

XLT0D1R = XLIR / DIAM1R 

STRIP = S- R1 * ((( EQWT1R ** .9) + (XLTOOIR ** ,24)) Yf 1,(?96 ) 
STR1R = STRIP. * STRFiR . ; - , 

tnnn?T5 “ 
000477 
GOD 476 
000479 

2 666 

2673 

2676 



GON1R = CF1 * (STH1K + EC1K + GN1R + AClNlK + AM-tNIK + TTC1K t 
1 ELlR .) : - 

GW1R = STR1R + FQWT1R + C0N1R 
DWlR = GM1R - ACWP1R - HP1R 

“rnnnjTnj 

000481 

000482 

000483 

2700 

2703 

2707 

2711 



Wfe = ibw IX - bWl 1 X ) 

IF (WS .GT. 1. ) GO TO 61 
OURAY = (OBSH + OI A MIR) / 2. 
T1R= 0.10 

000484 

000485 

003486 

000487 

2/13 

2713 


T7" 

^jrrBnjE • ” 

HI R= ABS ( (D3SH - OIAM1R) / 2. ) ' . 

U 0 048 8 
000^89 



Co 

I 


2716 

2722 


GW1R) H |; R {((CH1R72.) + (XLS1R/2.)) * GW1R) / COIIRAV 
1 /4») ) < r — — 

000490 

000491 

000492 

n n n 7.“m — " — *“ 

273 i 
2732 

2756 


•r S ? ^ - ( F 1 R 'v ^ ( 2 • ” * 3»l-*159*10»*144 t *100 0u00» * ( ( 9 • *((T1R /RRAV)^ 
. 6)) l (.16 7 hiR)« 1.3) *((T1R /RRAV) **.3)>>))** .5 

UTlS.r 4 3S < TH1R - T1R ) 

l 0 U 4^ J 

000494 

000495 

000496 
nyrrrrrm 

2760 

2762 

2763 
2767 


... ,' Rrrlf j = . * 7 HI K • 

— r H 1R 

IF' (THT1R ,GT. THTT1R ) GO TO 67 

IF CTH1R .LT. .00333 ) TH1R= .00333 Jm - t ,... , j ^-uG -if-frr 

1 ' T LI 4 n 

liUU 45 f • 
Q00498 
000499 
000500 

127 7T~ 

3001 

3004 


tosh = J'.l-IGG "*■ (CD I AMIR >7.) » rjiTSiT/ g . n * U.414 - nix ? * 

1 * 172. 8 * 1.5 

AOP1RT =(0.02 * GWlR > + 12. 

IFCAOP1? .LT. AOP1RT) ‘AOP1R - AOP1RT . 

1 H IK 

UUJ 7 UI 

000502 
90050 3 
000504 

- miT! enu — " — 

3010 

3011 

7T 

- AD3 130 ROUN'JS FOR DOCKING RING NUEi VOUS 6U.U1P* 

AOP1R = ADP1R ■♦luO. • . , 

XLW1R - GWlR. + AOP1R . 

’ 1 y . . 


U U U 7 

00 0506 
000507 
000508 

— nrn~ F T U'Tvn — ~~ — 

— 30 li“ 

c 

—T ^GN 1 1 TO-/ ; _ 

THIS R3UTIN- COMPUTES LOW COST DESIGN 0N-0R8 MAINT WTS. 


aoo 5 ia 
9,0 0 511 
000512- 

3013 

3014 
3016 

~C“ 

XMODLC = 15. ' . ' ■ ' • ' 

STRFM =1.0 ' 

TOTPWRM ~ TOTPWR 

’* - 

UlIU O 

514 

000515 
3 0.0516 

3 017 ' 
3021 
3023 
3025 


XL IUJ2RS 70T7 7 

Gw 2R = 1.1 * GW 1 
9W2R = 1.1 * 0W1 

t»0 CONTINUE 


U U U ( 

300518 

000519 

300520 

ini y ^ 71 

3026 

3030 

3033 


GWZIR = GWZR ‘ • ' 

AMWP2R = MP2R „ „ __ 

IF ( DENI .GT. 0 . ) GO TO 55 
IF (GW2R .GE. 2750.) GO TO 45 , ' 


if 41 U 33 C. X 

000522 
522-1 
000523 
ftrrrntr^Ti 11 lw 

303 6 

3036 

3036 

3044 


TF‘(GW.2R ,LI» 2/6U.I w lu 5 U 

4,5 -67.251 A UGW2R - AKWP2R - AMIN2R) ** .549932 ) 

IF (GW2R'‘ .GT . 10 0 GO'.,) PKOENR = 3.0- • • • - • 


U U U O C 

000525 

300526 

526-1 

- nn n Q"^7 — “ — 

3TT5T~ 

3052 

3052 

3860 


— ■ gu tu 55 : r - 7 : 

SC “ PKD£NR J = 23,901 / ( (GW2R - AMWP2R - AMIN2R) ** .1 7 4528 ) 
IF ( GW2R .LT, 50 0 . ) PKOENR = 8,0 


000528 
00.0 529 
529-1 

— rrtrft'^'Tfl — 

— — 3065 

3065 

3070 

3071 


—ere row t TN'J ; • : 

IF(£)£Nl".3T. 0. ) PKOENR = DENI 

AMWP2R = MP2R 1 1 

AM2R — AMW^2R ^ AMIN 2R r r 1 — .... . . — . *....»«■ —p — . . ^ fi— -y 


uuu?ou 

531 

000532 

000533 

— <rn~n~g> Tg 

30 73 

3101 

3106 

3111. 


— VUL 2"R""- — ( ( -&W2R - AM2R ) /PK.Ofen< ) + ( M D id K /^G) +IAMIN2R / 49U » ) 
OIAM2R * (• V0L2R f (. 7 85 * XLT0D2R) ) ** .3 33333 

IF (DIAM2R GT , 15.00)GO TO 56 

GO TO 57 ' .... - 


U U U g vJ*r 

000535 

000536 

000537 

ft fl s — 

3111 

3112 

3113 
3117 


-T6 CUMTIMUS', 

XLGR 2 = VOL?R ] 7 (-.735 * (0IAM2R ** 2.)) ¥ * 

ARE A2R = (3.14159 * 0IAM2P * X.L5R) + (2. * . 7 35 * (DIAM2P ** 

2.) ) 

U U U 300 

000539 
000540 
000541 
— n & n 4 7 

312-6“ 

3130 


£*TTF A'~ ' -~'A K-^ A 2 R 7 ARE AX 

GO TO 58 ’ . ’ ’ • ' . • ‘I--.- 

- V 

000 54.3 


REPRODUCIBILITY OF THE 



uo 

I 

„l— • 

to 


313 ° 

3130 

3132 


57 

CONTINUE 

XLGR .= XLT 032 R* DIAM 2 R • _ M 

ARFA 2 R = C 3 . 1*159 * 0 IAM 2 R * XLGR) + _< 2 . * .785 * 

( 0 IAM 2 R +f 2 .)) 

000544 

000545 

000546 

3 I 5 T 

3142 

3142 

3144 


59 

ECPA = AH"A 2 R 7 
CONTINUE 

0 IA 2 RE = 3 . * ANTOIAM ’ } , ■ 

XL GRe = XLGR + ANTOIAM 


UUU t>47 

000548 

548-1 

548-2 

3 T 45 ~ 

3151 

3153 

3156 



IF (£CF A" ,LT • i • ) ECFA ^TTF 
EC 2 R = SCFM * ECi 
GN 2 R = ((SNt * GNFM) + 10 .) 

TTC 2 R = TTC 1 * TTCFH < _ 

• 

000549 

000550 

000551 

000552 

■ 3 ftr“ 

3162 

3165 

C 


WSA 2 R = WS'A' "•» TIT'r ~ 

P 3 AT = < F 3 ATF * XMISPWR ) + 20 C. 

3 AT, WT = FACTOR X WATTS X ECLIPSE TIME/CYCLi X 1 
R = REDUN ' 

REDUNDANCY X IOC 

01)0553 r 

534 

000555 

000556 

3 TF 6 ~ 

3171 

3174 

3176 



“FBI — = 0 .¥ 35 T 33 + ( 3.037 333 * SATLIF 1 ) ^ 
FB 2 = 1.01814 - ( 0.00003628 * AVEALT ) 

FB = FBI * F 32 

TE = 0.03694 * (AVEALT ** 0.349087 1 

• 

0 00 557 
Q 0 Q 558 
000559 
000560 

“T 2 UT - 

3206 

3220 

3222 



rK~nr7nn r mtttb so.) t e = o.s-9. “ 

. 9 ATT 2 = F 3 * TE * P 3 AT * ( 1 . + P) * ( 0..99 ** (XIOC 
BATT 2 R = TATT 2 + ELF M * • ' . 

DIST 2 R = GIST * ELF.M 

- 1970 . n 

000361 

000562 

000563 

000564 

—j zzr~ 

3225 

3231 

3234 



ELINV 2 R =~FLIW“*“XCFfl 

EL 2 R = WSA 2 R + BATT 2 R + OIST 2 R +' ELINV 2 R- 
RLFHELC = ( .1814 * XMMDIC ) + 0.2744 
ANTW 2 R = ANT WT * XHEFM * RLFMELC . 

• 

0 W 5 F 5 

000566 

567-1 

565 -i 

T 27 F~ 

3240 

3241 
3244 



XPONWgR =' XPCN 0 WT » XTTEFR * RLFTTEC" 

XME 12 R = X M“1 * XMEFM * RLFMELC 
XHE 2 R = ANTW 2 R + XP 0 NW 2 R + XME 12 R 
Dl <13 = XME 2 R - ( XME 2 R / RLFMELC ) 


566-2 

566 - 3 

567 - 
567-3 

sz&r 

3252 

3257 

C 


IF nsCSFRBP ,£Q. 10 HHOT GAS ) WPF = C .348 

IF ( ACSPROP . EQ. lOHCOLO GAS > WPF = 1.040 

ACWP 2 R- WPF * (SATLIFC ** 0 . 200 ) * (GW 2 R+* 0.7691 ' ^ 

EQUATION IS FOR EXPENDABLE SATELLITES WHICH EXPEND 2/3 OF THEIR . 

5 F 9 

000572 

00057 ? 

000574 

3266 

IT 

•c 

c 


PROP E L L A NT FOTTTTJ IT rST POSITIONING “ SINCi . sHutTLS liAUNijHEU w 
SATELLITES WILL 3 E POSIT IONED ' 9 Y THE SHUTTLE OR THE.'OOSt ONLY 
1/3 OF THE ACS PROPELLANT IS REQUIRED. 

A 0 W P ? R = ACWP 2 R / 3 . 3 ' 

0 0 0 575 
000576 
000577 
000578 

3267 “ 

3275 

3306 

3312 



ACIWfCT^ .123 * TTCNPZR) + ( 0.063 *( 6 W 2 R++ 0 , 725 ) 

ACINCG =( 1.16 * (ACWP 2 R+* 0 . 846 ))+ ( 1.37 * (GM 2 R+ 
IF (ACSPROP . EQ. 10 HHOT GAS ) ACSIN 2 R= ACINHG 

IF (ACSPROP .EQ. iOHCOLD GAS ) ACSIN 2 R= ACINCG 

* Q. 2691 ) • 

000579 

000580 

000581 

000582 

3 jr 6 _ 

3320 

3322 

3324 



ACIN 2 R = "ACSIN 2 R + A'(ii"N(-H 7 

M 3 2 R “ ( -OW 2 R ./ DWl ) * MP 1 
TOTIM 2 R = XMPISP + M° 2 R 
A.MIN 2 R = 3.25 * MP 2 R * AMRL * AMFM 


000583 ~ 

584-1 
000584 
5 36 

3330 

3335 

3344 


~ 6 F 

EQWT 2 R = EC 2 R + GN 2 R + TTC 2 R + EL 2 R + XHE 2 R + ACIN 2 R + ACWP 2 R 
1 + AHIN 2 R + MP 2 R + RESID 2 R 
XLTOD 2 R = XLGR / OIAM 2 R 

00058 / 

000588 

000589 

000590 

J SWS~ 

3360 

3362 

3364 



ST RZR = 2. 29 * (((ED W i 2 K *♦ , 9 ) ♦ l XLT 002 R*^ . 24 } > 

STR 2 R = STR 2 R + STRFM 1 
CFFM = CF 1 * CONFM * : ' 

CF 2 R = CrFM " t, 


u UU 592 
000593 
000594 
000595 

33W 

3372 



■ CON 2 R = CFT'M "*"CST"R 2 R 4c C 2 R ' + GN 2 R VAC 1 N 2 R t'AHjr'NZR" 
GW 2 R = STR 2 R + EQWT 2 R + CON 2 R ' 

+TTC 2 R T EL 2 R)“ 

000596 

000597 


-13 


111? 

3W2 



DW2R = GW2R - ACWP2R - HP2R 
W3 = ABS ( GW2TR - GW2R ) 

H4 a 1. 

□ 00 §9 9 
003599 
003600 

3404 

3410 

3411 

C 

70 

IF ( W3 . 6T i Wi* ) )0 TO 40 

TR= .10 
CONTINUE' 

THIS ROUTINE CALCULATES ADAPTER LENGTH AND WEIGHT 

'jin&ui 
0QG602 
300603 
0 0 0 60*+ 

3411 

3412 
3414 



•PALL2R = 0. 

IF (PALLET .E7. 1. ) GO TO 72 
OIARAV. = (D33H + DIAM2R) / 2. 

— 3umr5 — 
000606 
000507 
300603 

3421 

3424 

3433 



“HR = A 35 (IU3SH - DIAM2K )" / 2.) 

IF (HR ,LT» .50 ) HR = ,50 

FR= (3. * GW2RJ + t< (CHR/2.) +<XLGR/2.))* GW2R) / ( OIARAV /4.)) 
RAVE = OIARAV / 2. 

'0dU6in — 
003610 
000611 
00061? 

3435 

3461 

3463 



THR =(FK / (2. * J. 1415*10. *144. *1000000. *{(9, M(IR“7RAVE) 

1 ** .6)) + ( 0 « 16* ( (RAVE /HR) ** 1.3) *((TR / RAVE) **. 3) >))>**. 5 

THTR = ' ABS (THR - TR > 

THTTR = .0001 * THR 

— UUJb'l'J 

003614 

30G615 

000616 

34b 5 
3466 
3472 
3474 



1 K = 1 HR , 

IF < THTR ,GT. THTTR ) GO TO 70 
IF (. THR .LT. . C G 3 13 ) THR = .00333 . 
THRI = 12. * THR 

TO U 61 ? 

000616 

000619 

000520 

3475 

3502 

3505 



Ai)H2R“= 3 . 1 41 3 y * ( OIARAV J (1.414 * HR' ) * THR 

1 * 172.8 * 1.5 

ADP2RT =(0.02 * GW2R ) + 12. 

IF ( ADP2R .LT. ADP2RT ) ADP2R •= ADP2RT 

— UG0621 

00Q622 

000623 

000624 

3510 

3512 

3512 


72 

Auu Id 0 PUUNJS, hu< UU'JKlNb -<iNb +■ w vtN‘J:^l/UUoi cUUiH* 
ADP2R = A 0*29 + 100 * 

GO TO 71 <" 

CONTINUE 

— T0TT675 

3 0 J 626 

000527 

003623 

315X7“ 

3513 

3515 

3515 


73 

AUr’2K = 0. > 

PALL2.R = 78.59 ♦ XLGR 

CONTINUE 

XLH2R = GM2R f ADP2R + PALLPR 

— U 0 0 629 

003630 

000531 

000632 

3520' 

3521 

3521 

3525 


98 

_GU fy—gg ; 1 — _____ 

CONTINUE 

STR1R=0.$ EC1R=0.2GN1R=0. 2 AMIM1R=C.£ ACIN1R =0. S TTC1R =0. 

EL1R =0. 5 -3ATT1R = 0. $ OIST1R = 0 . J WSA1R = C. 2 ELINV1R = 0. 

6T3 

633-1 
6 3 3-2 
633-3 

%'s' 352/ 

’ 3532 

3534 
3536 


- 

XTTETR = 0. , $ CUN1R ' = (J « $ (JHTR '= 0. $ ACWP1R » 0. $ MP1R = 0 . 

GW1R =0.2 ADP1R = 0. 2 PALL 1R =0.2 XLW1R = 0. 2 DIAM1R = 0. 

XLiR = 0. $ H1R = 0. S PKOE N1R= 0. S TOTPW1R=0. 

STR2R = 0.2 EC2R = 0. S GN2R = 0. $ AMIN2R =0.2 ACIN2R = 0. 

~F3T=~4 

633-5 

633-6 

633-7 

35TTT - 

3543 

3546 

3547 



IIC2R = U . 1 tL'2R. = L) . ? dA T 1 / K = u. i uisliiR = u . $ “LINV2R = 0. 
XME2R =• 3.2 CON2R = 0. 2 DW 2R = 0. X ACW»2R =0.2 MP2R = 0. 
DTCMH1R = 0. B DELMM1R = 0. $ DGNMM1R = C. 

GW2R = G.2 A0P2R = 0. 2 PALL2R = 3. 2 XLW2R = 0. $ DIAM2R = Q. 

o3T- 8 

633-9 

633-10 

633-10 

T. 3552 
3554 
• 3556 

3560 


99 

XlGk = U» 2 HR = u. 2 PKULNR = $ I'OIPWKfl = u. $ “X'MMDLC - Oil 

ANTW1R = 0. 2 XPONW1R =0. $ XME12R = 0. 

ANTW2R * 0. 3 XPONW2R =0. 2 XME11R = 0. 2 WSA2R = 0, 
CONTINUE 

wn 

633-12 

633-13 

003534 

3570 

3571 

“cr 


IHIs KuUiiNt; COMPUTES SORTIE wl'S. 
OIA2SE = 3. * ANTDIAM 
XLGSE = XLGS + A NT 91 AM 

— 5X5 

635-1 

635-2 

000636 

o * 3573 

*rr 


TRFSE "CAROS "LI ST - "CDST'“NT)MES FUR G'RTJUND RE'FURBt SHA BLE SAT. WTS,(R) 
WS2 = ( (STRGR F EGGR) * ( CFGR +!,))+ AOPGR 

“ 0 OT6T37 

000638 



fT~ 


3577 

3600 

3M2 


3604 
3606 

3610 

3611 


T6TX 

3614 

3616 


WE2 
WC2 = 
WA2 = 
UXPT - 
WF2 = 
WPP2 
WM2 

UAZ — 


a ELGR MCFGR + 1. ) 
TTCGft * (CFGR- + 1. •> 
(GNGR + ACINGR) * (CFGR 
= ■ffCTPTT? 


± 1 . > 


DC2 
0E2 
THESE 


AMINGR * ( CFGR + 1* ) 

= MPGR 

a XMEGR ___ i 

“ = — DGNMHR 

= OTCMMR . ' , 

~:ARDS H lIST DOST NAMES FOR ON-ORBIT HAINTi. SAT* WTS. CH> 


000639 

000640 

000641 


3 0 0 

000643 

003644 

000645 


000646“ 

000647 

000648 

000649 


TTOTpST 

003651- 

000552 

003653 


T6T7" 

3623 

3625 

3626 
3630“ 
3631 

3634 

3635 


WS3= ( (5TR2R + c.C2k ) * 

W£3 = EL2R *<CF2R + 1« ) 

WG3 = TTC2R *<CF2R + 1. > 

W p 3 = AKIIN2R * ( GF2R ± 1. ) 


( C K 2 R -t 1 « )) ' ■*• ADP Y K " 


"W'A'PX” 
HA3 
WPP3 
WM3 


: AC HP 2^ 

= t ,GN2R 
: AMWP2R 
XME2R 


+ ACIN2R ) * (CF.2R 


+ 1 . ) 


innrew 

000655 

000656 

003557 


00 0658" 
000659 
030660 
000661 


3637“ 

3640 

3642 


TAT” 
DC3 
n£3 • 


DGNMM2R 
: 0TCMM2R 
: DELMH2R 


a iirebT 

000663 

000664 

000665 


u> 


3643 

3645 

3646 


3650 

3654 

3655 
3657 

"35S1T 

3662 

3664 

3666 


3667 

3673 


— !"HES ; -“'C7rRDS 'CIST - COS! "NA'HES FOR "CURRENT DESIGN "urfrURB 5fll. Mts. - 
0A3 A = DGNMM1R ' • > 

0C3 A = DTCHH1R 

0E3A = DELMM1R . ...... t „. rnTTT] 

T CFi + i.U + AUP1K 


ws 3 A = "i i 5TRTR + rCTRT *“ 

HE 3 A = EL1R * (CFi + 1.) 

WC3A = TTC1R * (CFI + 1.) 

WP3A = AMIN 1 R * (CFI + 1.) 

HAP 3 A * AUWTR 7T 

H A3 A = (GN1R f ACJN1R) * (CFI 
WPP3A * AMWP1R 

HM3A = XME1R 


f 1.0.) 


’THES- CAROS LIST COST NAMES FOR CURRENT WSIG-HT COSTS 
WSC = ( (STR1 ^ EC1) *( CFllf l.C )> t AOP1 
HEC = ELI MCF11 + 1 . ) 


000656 

000667 

000668 

D03669 


uuirenj 

000671 

000672 

000673 


0U0674 

000675 

003676 

000677 


OdUb/8 

003679 

000680 

000681 


3675" 

3676 

3701 

3702 


wcc = nut * (cf li + l. ) 

WAC-? CGN1 + ACSIN1) *(CFU 
WPC = AflINI MCFii + 1. ) 
HARC « ACVjPi 


+ 1 . > 


3 0 d 58"2~ 
000683 
000684 
000685 


3704 

3705 
3707 
3710 


UPPITY HFT 

NMC = XM-3 
XLW2 = XLHGR 
XL *13 = XLH2R 


3712 

3716 


160 F UkM A f 11H1) 


P^INT .100 

PRINT 106. PROGRAM < 


106 Format ( 5x,*program*, ai4, 5x. *case number*, aiz, aao ) 
... CODE, TODAY 


115 FORMA T ( 13X, ' ■MYVE ' At l iu. ' £u ' N I T ^T 
3730 PRINT 115, STA9TYP, ACSPROP 

133 FORMAT ( 

1 10X, fMEAN-HISS. OUR.*, F17.3, 

"I - 2ZX , " *DES IGN — LIFE TYR. ) * , FT5T3 


~ 0W68T5" 
000687 
690 
691 ' 


691-1 
691-2 
000692 
6 93 

quuby4 

695 


TT51 PT2 T 


1 2ZX; *UES IGN 
1 10X, *T Y°E SATELLITE*, A21, 



ST- 


J A PO«ER < CWJ *3ATT . REQUN. / PERCENT ♦, 

i f^P^t . ATTCTRI [ D E G ) * ,F l3. b » TTTX7 i " 

1 stisi-sSfJir/T^i: isjoffeisp-p, ^oun, m.tf, 

i PNTACC. PHRTYP, PRIN T, ^OTYP — 


— PRINT T^Zl XNXPUNU , PWKXPUN, ANTUIAN, COMFKtU 7cTn~nT 

141 FORMATC1QX, *NUM3£R OF NODULES*, 39X,*i*, «X , *1 * , 2F10 . 0 > - . 

14S FO^AT (44X. »CDR*.7&.*lC*i 18X, *CDR*i 7X, *COR* > 6X, *LCR*_) 

7al FORMAT (SX,*IT~M*,25X,* NMD *, 3X,*OM POD*,4X,*OM MOD*,3X, 

3X, JCN-ORR*, 3X-, 

l*ON-QRB» ,+X. *SORTIE*> __ — 

103 ^FORMAT 0 ^32X,*F ACTOR*, 4X, *FACTCR* » 4X» *FACTOR* ,4X , ^WEIGHT* , 

} ^int...s>, »«otiE» / . : — 

i«» i * 5 wT*«''l|t. : M 5 fc, s . u , l |i; |f|g:§ y 


*$TRUCTUR r * f 14X? IFtO*^? $F1Q*G 

5xJ *ENVIRON* c5nT i *» 9X» 3PiO,Jt gPlO*0 

*GUin. N/W* +• STAB*** * c X* 3 R1Q » 3» 5F10 » Q 
bX, ♦■J R Y HkUPUU STPN*! 4’ «}W ' 

3X, !REACT.„CONT.*, 11X, 3Fio : | : .|Fio : o ; 

13X, 3F10.3. 5F10.0 f 


*C. D. P. t.*> 


1 *^X. *FL FP.TRTCAL* . 13X, 3F10.3, :>F10*D r 

1 bK,» ' m ~ a* Urav ; y fw.u» Sfiu.u /_**> T ?g^ a ? v /’ 

1 6X !*JIS TRI3UTI0N* , F30.3, Flu. 3, ^6.0, 3F1U.3 / 

1 & X J *°WR • CONDITION.* F43.C', 3F1C.0 ) _ 

1C7 . E S&IuljfeNCTh^ffa?^ , it. 3 I i t: i!. 1 i A»?W. 4 n 

-i « • '”* N S?-»SB»sS& 8 i*r “ 'as, 3 F 10 . 3 , |F 1 ..« / 


3X, *ORY WEIGHT*, 
bX, *REAC 1 • CONI . PRCTP" 
5X , *NAI N FRO^ELL ANT* , 
3X, *RET' HEIGHT*. 

5X, *A0 AFTER WEIGHT*, 

‘ItRFIR, STRFM, STR1, 
ECF1R, ECFM, EC1, 
GNF1R, GNFH. GN1 ,• 


33X, 

45X, 


5F18.G / 
- 5 ‘F TO.S T 
5F1Q.0 / 
5 C 10 . 0 / 


9X. 3 F 13 « 3, EF10.0 ) 


iiiit ” !$&*• ijkj* m i* use’ ike* 

ij|L illji |pi lata - i . aissik. saisu, arci^ iij feor.. - 

ItfiSfc* ragfc’KNfc* tfii? 1 * tf®?’ IgJK’ fl^’clSF-’ 

tri ?! f. FIF1R. -|_F4, PL1, ELGR, r.LlR, EL2Rj EIsOR, 

l~WSffG WSAGK. WSA1R, WSA2RI BA f S ", "87V I 1 T GR? WT Ilk, DATTgP, 

1 OrsfFlRroisTFM, 3lST, of STGR, 0IST1R , 0IST2R, 


STR1R, STR2R,STRS0R, 
EC1R, EC2R i ECSOR, 

GN1R, GN2R, GNSOR, . 


I ivir.j n vf. i 1 r r 

EL1R, EL2R, ELFOR, 



9T- 


4306 


1 ELINV, ELINVGR 

PRINT 10 7 

1 


tfu*, ELINV1R, ELINV2R 
XMERLF , XMEF 1R, XMEFM, XME3, XMEGR* XME1R, .XME2R, 

XMESDR. 


1 — XMEi, XHElGR, XMHiRi XME12R, 

1 ANT NT > ANTWGR, ANTW1R, ANTW2R, 

1 XPON0WT, XPONWGR, XP0NW1R, XP0NW2R. 
ICONRLt CON£R. CONF.M, CONI. CQNGK , 


000747 

743 

748-1 


743-1 

7-8-2 

748-3 

00i3 7 4<9 


CONI, CONGR , CONIP, CCN2R, CONSOR 

mn Qwr ' owir, dwjr; dwsgr, ~ 

ACWPl | ACWPGR, ACWPiR, ACWP2R, ACWPSOR, 
MPi, MPGR, MP1R, ' HP2Ri MPSOR, 
GW1, GHGR, GW1R* GW2R, GWSOR, 

"AD Pi , frD-fcr; AWTR4 WPTn?TAlTP'S'0'R 

n CII.7LIT*. 7G.Y. CC .1 . (I . \ •’ 


j'ojjs* 

DWSQR, 


1 

1 

1 

1 


TO751T 

000751 

000752 

000753 


. LfHIK* u n OU T\ , 

— rzrPTLT — A'JP r R ; — ad p f h , ' "A'oPi, — jttpgt; — auftr^ — zra'prnrpnrp^oT' 

105 FORMAT (3X,*AUTO. PAYLOAD SU:3WT*, 36X, 5F i 3 . Q ) ' 

D RINT 10 5, XLWC, XLW3R, XLW1R, XLW2R ,XLWSOR 
•PRINT 100 

PRINT 145 ’ 1 V5T=Z 

PRINT 102 757-3 

111 F0RMAT(/5X,*SPACELA8 MOD,*, F9G.0 / 5X,*SPACELA8 PALLET* » F08.O / 729-3 

1 5X, “EQUIPMENT* / 7X, '» EXPERIMENTS 4 MISSION EQUIP F 73. 0/ 729-4 


TH75T- 

756 

003757 

757-1 


4472 

4510 

Tf5T*r 

4520 


pm ’■iwuj.nici'ii ' / / a , t A rii\inc.ni a r niaoiun cuuii 

i 7 X, “DATA PROCESS + DIS 3 ,*, F91*C / 7X,*"L”CT. POWER*, 

1 7 X , “ENVIRON, CONT* , F88.0/ '7X ,*SUPP0RTS“, 

1 5X. * DOCKING ADAPT* , F9G.0/> 5X,?FWD TUNN Eu? » 

1 5X,*AFT TUNNEL*, P93.0 / 3X,*SPACELA3 SUBTOTAL?, F83.0 


. >8 9. 0. 7 ’’29-5 

F93.Q / 7 29-6 

F93.0/ 729-7 

/ J 758-8 


i j», T nr i luiNr^u-, / jA,-sr 

112 FORMAT r5~X"r*"RET E NT 10 N MECHANISM* 


758r9 

758-10 

758*?11 

758-12 


<A> 


. l PA* T ts» l t I’M lull , 

1 5X, ^MODULE EXCHANGE MECH.*, 43X, 

1 5X , *MOOULE MAGAZINE*, 49X, »nu, 

1 5X , “OEPLOY/QOCKING MECH.*, “ 


45X, 4F10.0 r 
4F10v0 /.. 

. 4F10.0 ( 

44 X , 4F1G.0 / 


T 5X ; ■ * S I OE TATCS"*"i T 5'4'Xi" '4T1'0"; 0 — 7 

1 5X, *ATM03. CONT.CEXT. CREW)*, 4lXj’4F10;0 / 

1 5 X , *0IS®LAYS + DATA MANAG, * , 42X , 4F10.0 / 

1 5 X , “EXTRA CREW », 53X, 4F10.0 /5X,*CREW F'JRNISH J 
1 — 1 - 1 — POWER* , 51X ' “ * ~ ” 


758-13 
7 58 -14 
753-15 

_ . . _ . . .. . , . 753-16 

"l - 5 X,* Elect. POWER*, 5iX, 4Fi0.fl/5X;*EVfl 1 IV4*, 49*i4F10;0 77 75TTTT- 

1 5X,*RCS D R0PEL*,54X, 4F10 .Q/5X, “ORB. SUPPT. TOT AL J , 46X, 4F10 • 0 // 758-18 

1 5X,*OMS HAROWAR!*, SIX , 4F10.G/5X, *OMS PRCPELL ANT? ,49?:,- 4F10 . Q //729-16A - 
* TOTALS 40X, 4F10.0 // . . 729-169 


. 51X,, 4F10. q / 


1 5X . *0R9 . SUPPT. 


AL*. 40X , 4F1Q.0 // 


1 5 X , * L 0 N G IT irn m Tb A , wriu.u , 

; PRINT Hi, PRESMOD, FALLSOR, FXPSOR, DPSOR , "LPSOR, ECSOR, 
1 SUPTSOR, 9KS0R, FWOTUN, AFTUN, SU9T0T 
PRINT112J 


729-17 
74 3 

•’58-21 

758-22 

758-23 

758-24 

758-25 

758-26 

758-27 

7=8-28 

758-29 

758r30 


T FURNGR, FURNiR, FURN2R, FURNS 

1 EVAGR, EVA1R, EVA2R, EVASOR^ 

1 TOTGR, TOT 1R, TOT2R, TOTSOR, 

1 OMS p GR, 0MS°1R, OMSP2R, OMSPSOR 


i XCGGR, XCG1R, XCTGYR, JTCTGTCrR 
90 CONTINUE ■ 

PRINT 100 

108 FORMAT < 3X, *PAYLOAD GEOMETRY* 

l 1GX , *UI AM-. TER (FT.)*, PLu.l, 

1 1CX, *LENGTH (FT,)*, F46.1, 4F 
1 10X, *ENYILOP£ DI AM , (FT.)*, F 

1 1CX, “ENVELOPE LENGTH (FT,)*, F 
T”3X, *WJAPT. LENGTH (FT.)*, K46. 


EXCGR, 
j OOKbRf 
, AT MGR, 
‘CREWGR. 

rrtFw 

RCSPGR, 
OMSGR, - 
, GTOGR. 


EXC1R, 

0 OKI K } 
ATM1R, , 
CREW1R, 
TCFTT. 
RCSP1R, 
OMS1R, - 
GTOIR. 


EXC2R, 

OOK2R, 

ATM2R, 

CREW2R 


RCSP2& 

0MS2R, 

GT02R( 


EmJ50K| 
DOKSOR, 
ATMSOR, 
i CREW§OR» 

ertsxjftv - 

, RQSPSOR, 
QMSSOR, 


GTOSOR 


? 


4772 

4772 


4h 10,1 f 

10. 1 '/ 

37.1, 4F10.1 / 

37.1, t.F10,l / 

1, 4F10.1 / 


758-31 
000759 
759-1 
000760 
— T0T715T" 
000762 
762-1 
7 62-2 
3TT0T6T" 
768-1 


1 3X , *ADAPT * THICK. (FT . ) *,F4&.5 , 4F10.5 / 


EEP^DtmEjry of the 
oriocnal’ ?age is poor 
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4776 


1 3X, ^DENSITY (LB/CU FT)*, F*7.i ? 4F10.1 / 

1 3 X , *TOTAL ELECT. POWFR <W)*, F43.1 , 4F10.1 ) 

PRINT 108. 

I OIAMi, DIAMHR, 01 AMIR , DIAH2R, UTmTTT~ 

i XLG1, XL 6MR, XL1 C , XlGR , XLGS, 

i 0IAH1E, QIAMRE, D IA IRE , 0IA2RE, 0IA2SE, 

XLG1E i XLGHR£jt XL IRE . XLGRE, XLGSE, 


000764 
0 0.0765 
765-1 


1 T5T, 


HBLMR, FTTRT 


"TTRT ^ 
THRSOR, 


000767 

767-1 

?67-2 

JuOYbr 

763-1 

000769 


1 

1 


fyiR, 


Y': 


1 TOTPWR* TOTPWRR* TOTPWi 

R* T OTPWRH , TOtPWRS 

000770 



— ItP3 FO'R'MTAT ( (X , ^BOOSTER" 01 

AM • (FT)*, ^7*1, 4b 1 (J • 1 ) 

'j U U / / 1 


5122 

PRINT 109, D93L, Q3SH, 

D9SH, DEISM, DBSH 

JO G 77 ^ 



135 FORMAT (3X, ♦MEAN 1ISS. 

OUR.*, F52.3, UF10.3 ) 

000773 


5140 

PRINT 135. XMMOi, XMMO. 

XMMD , XMMOLC. . XMMO 

00 G 77 ^ 


"T35 KUKHAI { 3X, 


■ymTs^T 'F'58 . 3 4 Fl'O 7377 


5156 

51 74 


19S Ht;.a§i'r I EiiG5? T b{SsI^; F > S T IF 


SATLIF 


"STTOTT 


§brc¥ 


X, *COk* j 12X, *CUK*, TJT~j *LCR* 

1 57X , ♦GROUND* , 9X* *0N-0P3IT*, S X . *3N-QPB IT ** 

143X, *Rc FERE MCE*, 4X J *R£FORBISH» f 5X , ♦MAlNTfNANCT* , 5X,* 


Q 
0 

000778 
1W77T 
0 DO ^6 0 
Q 0 0 781 
000732 


6X*»S0RTIE*/ 

MAINTENANCE* 

4X, 


520fi 

1 *WT. * 

PRINT 

205 FORMAT 
1 

loo*’ 

•i: 

, 4X, *w< .* , 

♦STR + TPS * AOF 
*GN + AGS 

bX, *W ) * * J 

ws*, 

WA*, 

13X, 

10X, 

7F8.0 
7F8. 0, 

, F 10 . 0 
F10.0 

/ 

/ 

OOJ783 

000 784 
000785 
CQ0786 


r 

5X7" 

* JRY PROPULSION 

WH*T” 

TTTXT 

F 8 . Cl , 

“ FTOTT 

/ 

JO 878 7 


i 

5X , 

*C. 0. P. I. 

wc*, 

1CX, 

7FS.0, 

F10.0 

/ 

000788 


i 

5 X , 

♦ELECTRICAL 

WE* , 

10X, 

7F8.0, 

F10.0 

/ 

000789 


l 

5X > 

♦MISSION EQUIP. 

WM*, 

1LX, 

7 F8 . G , 

FIG. 0 

/ 

30 ] 79 3 


u> 


i*’ v : 5204 


“I b'X, ♦'AT T • CO NTT PROP* RTTP^T 

1 5X, ♦MAIN PROPELL* WPP*, 

1 3X , *LAUNCH WEIGHT * , 26X* FB* 

PRINT 205, WSC,, DS2, WS2 , , DS3A» WS3A, 


WA3A 7 
WP3A f 
WC3A , 
WE3A , 

"WMTKT 


XLW1R, 

if 


1UX, 7F8. 
lBXi 7F8 • 
0, 3F 1 6 * 0 * 
□S3, WSo 
"D'A'3', — pnnr 
DP3, WP3 
OC3, WC3 
D-3, WE3 

DTT37 HTT3 

0AP3, WAP3 
OPP3, WPP 3 
XLH2P , X 


0, F1U.U / 

0. F10.0 / 
F10.Q // ) 

, WS4, 

» WAV, 

, WPC, . 

, WC4, 

, WE4, 

; 

, WAP 2 *-, 

, WPP4, 

LW4 


000792 
000793 
000794 
Twm? 
000796 
oo] 7 97 
000798 
-JOTTTW 
000300 
000801 
000802 
00080 3 
000804 
00030 3 
00 09C6 
000307 
000808 
000809 
000810 
003 311" 
000812 
000 313 
000314 
-tnnmrp- 
000916 


1 

WAu, 

uaZT 

KA2V " 

■“DATA" 

1 

WPC, 

D D 2 , 

WP2, 

0 F3 A 

1 

wcc, 

0C2, 

WC2 , 

0 C3 A 

1 . 

WEC , 

DE2, 

WE2 , 

0 F3A 

1 

hNO, 

,UM2 , 

WM2 , 

UM 3 A 

1 

WAPC , 

0AP2, 

WAP2, 

0AP3A 

i 

WPPC, 

DPP2, 

WPP2, 

OPP3A 

1 

XL 

WC, 

XLW3 

*2 —. — 


SWZ2 

IF- 

'TP'R'OTTT'P" 

5426 

IF 

(PROPTYP 

5432 

IF 

(STA9TYP 

5436 

IF 

(ST.A3TYP 

5442 

Tr t i> 1 K i T r 

5446 

IF 

(ST-RTYP 

5452 

IF 

< XIV ,3 


. tu. 10HL IuUIu 
. EQ* 10HSOL I D 
■ IQ. 10H3- AXIS 
.EQ.10HSPIN 
EU. 10HEXO 


P 2 = 
A1 = 
Al = 
SI' «" 


1 

3. 

1. 


210 FORMAT (5X» 

5X7 


T 

1 5 X , 

1 5X,*TYP 
1 5 X , 

TT ’- — 5XT” 

PRINT 210, 


„EG. lOHENOO 
0. 1. > XLVT = 

♦TYPE STRUCTURE 
* ELECT. POWER THATTS7 


lOHSHU^TLETUG 


SI = 


♦» 

*7” 

;:o 


F10.0 , Al 
FI 9.0 , 3F1 
F10.0 / 

, A 12 , Al 2 
2X, •+ F16 , 
Flu .0 


2 / 

6TXT 


/ 

0 

Al 2 ) 


ORBIT ALTITUDE 
£ STABILITY 
♦TOTAL IMPULSE 

♦ TYPE' PROPELLANT 

SI , S TRTYP, TOTPWR, 


Cl = 

ttl= 7i F i 

P 2 = 


5456 


rc f *- -L U « U * Hit J 

TOTPWRR, TOTPW1R, T OTPWRH , 
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5522 


1 0R9AP0, Ai, STA8TYP, ACSPROP, TOTIMP, 

1 T0TIM2E, TOTIMGR, TOTIM2R, P2, 

304 XMMD s XMHO ± XMROINC 

IP l XMMD .L-. XMM(jHAT~5 23 , 30 6 


PROPTYP 


000317 

000318 

000819 

utnrw 

000321 

000823 

000324 

000825 " 

826 

900 


T524 IF ( XMMS 

5531 306 CONTINUE 

5531 XNOD = XMOD 

5533 IF ( XMOP 


"5^TS 193 — CONTINUE 

5540 110 CONTINUE 

C '' THESE CAROS 
5540 PRINT 100 


Li. XMMOMA* ) 23, 30 6 

+ X MOOING 
E . XM 00 MAX ) 22.4 


REPRESENT THE SORTIE MODE 


"5555 PRINT 136 
213 FORMAT ( 16 
5556 PRINT 213 

5562 PRINT 130. XMMD 


PROGRAM, CODE, TODAY 
X, ♦SORTIE MODE*) 


SATLIF, TYPE, XMOD, XMISPWR, REOUN, PBATF, 
OR'INTj PADTYR 


903 
904 
70 0 

— oa'tmrr 

706 
■'ll 6-4 


5614 

5640 


1 PNTACC, 
PRINT 140, 
PRINT 142, 


'PwRTYF , UMI 1 I « rnu| n 
IOC, OV1, PF, XNDL , XNTR, DP, ENC, 
XNXPONO, PWRXPON, ANTDIAM, COMFREQ 


CF1 


LO 


5654 

1 7X,*\/0L> 
PRINT 214 
215 FORMAT (EX, 
1 5 X « 

) 

♦STRUCTURE* , 14X, 

♦ENVIRON . 0 ONT . * , 9 X , 

F1D.0, 
F10.0 , 

FIG. 3,' 3F10.0 
F 10 ♦ 3 , 3F10.0 

/ 

/ 

9F5 

9 T9 

910 

911 


i 

i 

i 

i 

'""EXT 

5X» 

5X, 

5X» 

♦OAT A PROCESS » *, 1 0 X, 
♦ELECTRICAL*, 13X* 
♦DISPLAYS*, 15X , 
♦PERSONNEL*, 14X, 

F10 » 0 , 
F10. O.j 
FI 0 » 0 , 
F1J.0, 

F10.3, JFIU.U 
F10i3, 3F10.0 
F10 , 3, 3F1Q.0 
F10.3, 3F10.0 

/ 

/ 

/ 

/ 

91 i 

913 

914 

915 


1 

i 

4 

A 

1 

5*5 

5X, 

5X, 

5X, 

♦FURNISHINGS 
♦EVA EDUIP. * 
♦DOCKING HOD 
♦FHO TUNNEL* 

*7 rz XT 
, 13X, 

.*, nx, 

FIO.U , 
F10.0, 
Fit) .0 , 
F10.S, 

F10. 3>, 3 F it) • 0 
F10.3, 3F10iO 
FIG. 3, 3 F 1 Q 0 
F10.3, 3F10.0 

/ 

/ 

/ 

/ 

9ie> 

917 

913 

919 


1 

1 

1 

216 FORMAT 

TXT 
5X , 
5X, 

( 3X . 

* AFT TURNEU* 
♦ATTACH FITT 
♦CONTINGENCY 
♦DRY WEIGHT* 

1 oxr 
.*, uxj 

*, 12X, 

. 15X, 

FIO.O, 
FiOiO , 
F10.0, 
F10.0, 

fig. s, 'sviunr 

F10.3, 3F10.0 
F10.3, 3 F13 » 0 
F10.3, 3F1Q.0 

/ 

/ 

// ) 
// 

920 

921 

922 
92 3 


r 

1 
1 
' i 

TiTT 

3X , 
5X, 
EX, 

♦CONSUMABLES 
♦WET WEIGHT* 
♦ADAPTER*, 
♦PALLET*, 

> 1? X > 

1 3 X t 
19X * 

F 1 0 ♦ 0 f 

FIO.O , 
F 1 u • u j 
F10.C i 

F10.3, 3 Fi!)'. "O'" 
FIG, 3,' 3F10. 0 
F10 » 3, 3F10*.0 
Flu. 3, 3F10 « 0 

/,/ 

// 

{ 

// 

92 4 
92 5 

926 

927 

5660 

1 PRXNT 

1 

1 

— 3X7" 
215, 

♦LAUNCH HIT* 
STRSOR, 
ECSOR, 

TTC SOR * 

ItrxcgJ* 

ECXCG, 

T TC X C 6 i 

F10.0, Flo; 3, 3F10; u 
STRYCG , ’ STRZCG, ' 
ECYCG, ECZCG. ‘ 

TTCYCG, TTCZCG, 

STRVOL, 
EC VOL , 
TTCVOL, 

923 

930 

931 

932 


1 

1 

1 

i 


ELS OR, 

DISFSOR, 

PERSSOR, 

FURNSOR, 

ELXCCm 

DISPXCG, 

PERSXCG, 

FURNX3G, 

ELYCG, S.LZCG,- 

OISRYCG, DISP7GG; 
PERSYCG, °£RS ZCG i 

furnycg; furn zcg » 

EL VOf i 
DISPVOL , 
RERSVOLi 
FURNVOL , 

9 *3 
954 
93^ 
936 


1 

1 

1 

i 


EVAS UR', 
OKMOO, 
FWDTUNN, 
AFTTUNN, 

EV AXCG , 
DKMDXCG, 
FWTNXCG , 
AFTNXCG, 

EV AYCG, EVATCGX 

3KMDYCG, DKMOZCG, 
FWTNYCG , FWTNZCG, 
APTNYCG, AFTNZCG,. 

EVAVUL , 
DKMOVOL, 
FWTNVOL, 
AFTNVOL , 

938 

939 

940 

6066 

1 

PRINT 

1 

216, 

ATT FIT', — 

CONSOR, 

0W30R, 

FLUIDS, 

ATTXCGi 
CONTXCG f 
DWXCG, 
^LUDXCG, 

A 1 T Y C b , A I TTtTGT 

COMTYCG, CONT 7GG , 
DWYCG, 9WZCG, ' 

FLUDYCG, FLUDZCG, 

ATT VUL ] 
CONTVOL 
DWVOL, 
FLUDVOL, 

940-1 

9-+1 

942 

943 


1 

1 


— ewsuwr — 

adpsgk > 

bW XG b. 
AOPX CG y 

GWYCG, GWZCGj 

AOFYCG , ■ ADPZCG, 

G W VOL , 
ADPVOL , 

944 

945 


3-20 


A0P2RT - 
AFTNZCG- 
AMFR 

011171 

011507 

010700 

AFTNVOL- 
AFTTUNN- 
AMF1R - 

011510 
0115C 4 
011016 

AFTNXCG- 
AFTUN - 
AMINGR - 

011505 

011312 

010737 

aftnycg- 

AMFM 

AMINMR - 

Q115Q& 

010534 

010715 


~iniifegR=~ 

AMRL 

AMWP2R - 
ANTWT - 

Gli26T“ 

010525 

011112 

010635 

— 5rrm “ 

AMWPMR - 
■ AM2R 
ANTW1R - 

~ GTCTT5 
0 10 7 1 3 
010764 
011050 

— AMI Ml F 
AMWP1 - 
ANTOIAH- 
ANTW2R - 

G11G24 

01064C 

010442 

011135 

AMINZ* - 
AMWPiR - 
ANTWGR - 
ARE AMR - 

d'l'ii 1 4 
011242 
010750 
010722 


“AREA! ” 
ATMSOR - 
ATTVOL - 
AVEALT - 

01 0b** 5 
011320 
011515 
010566 

ARE AIR'"-" 

ATM1R - 
ATTXC5 - 
A1 

011031 

011316 

011512 

011422 

AREA2R - 
ATM2R - 
ATTYC6 - 
3 ‘ - 

011120 

011317 

011513 

010413 

AT M GR — 
ATTFIT - 
ATTZCG - 
3ATT - 

011315 
0 11 5 If 
011514 
010613 


SATT5R - 
C 

CFI 

CODE 

0 i'O’TT 
010414 
• 010415 
010370 

5ATT1R - 

COPI 

CFI 

COMFREQ- 

Dll J42 
010573 
010S27 
010 443 

R"ATT2 “ 
CFFM 
C FI 1 

CONFM - 

0 1TT27 
011151 
010626 
011152 

'3ATT2R 
CFG R - 

CF2R 
CON FR - 

011130 
0 10760 
011153 
011270 


CONGR. - 
CONTXCG- 
CONiR - 
CREW1R - 

or am 

011516 

011065 

011322 

— CG'WRL - 
CONTYCS- 
C0N2R - 
CREK2R - 

"G1T2F7 

011517 

011154 

011323 

CONSOR t 
CONTZCG- 
CREWGR - 
D ' 

TJTTZ7I 

011520 

011321 

010432 

CONTVOL- 

CONi 

CRENSOR- 
OAR2 . - 

011521 

010630 

011324 

011410 


~TT5P3 - 

D A3 
DC2 

DOKSOR - 

Tflui2~" 
011222 
0112-1 ij 

01o*70 

DAFX4 =7" 

DMA 
DC 3 

QDK1R - 

Oil *ll 
011236 
C11224 
01C466 

0ATAPRO-"" 
0 33 L 

QC3 A r 

OOK2R - 

010436 
0 lu 65 0 
011231 
010467 

□ A 2 ” 

DBSH 

ODKGR - 
DELMMR 9 

011207 

01G651 
010465 
0 10747 


DELNN1R- 

0E2 

QGNflMiR- 
DIAM1 - 

0 i 10T7 
011211 
011060 
010557 

DELWSF” 

DE3 

DGNMM2R- 
□ IAM1E - 

011227 

011226 

011223 

010562 

“ 

DE3A 

OIAHMR - 
OIAM1R - 

0 10 554 
•C 11232 
010720 
Q11G27 

O&Ht =~ 

OGNMHR - 
DIAMRE t 
DIAM2R - 

DID 4Q O 
010733 
010724 
011116 


DIAH2S ~ 
0IA2RE - 
DISPSOR- 
DISPZCG- 

011370 
011121 
0 11*50 
011*53 

— QIAW - " 

01 A2SE - 
0ISP70L- 

oissor - 

011163 

011174 

011454 

0 10 500 

OIAiAV 
DIHRAV - 
0ISPXC6- 
0 IS T 

010647. 

010770 

011451 

010616 

□IAiRF - 
OISGR — 
OISPYCG- 

oistfm •- 

011033 
QIC 47 5 
011452 
011265 

■* 

0ISTT1R- 
DIST2R - 
DKMDYOL- 
OKHOO - 

011044 

011131 

011476 

011472 

DIST5R - ' 

OIS1R - 
OKMDXCG - 
OKSOR - 

01G744 
010476 
011473 
Oil 31 u 

DlSTRLF- 
0IS2R - 
DKMOYCG- 
0M2 

010 5*3 
010477 
011474 
010754 

DISTIR - 
Dll RAV - 
□KMOZCG- 
DK3 

011043 

011067 

011475 

011141 


HTRTA ~ 

DPP 3 A 
DP3A - 

DTCNMR - 

0110 54 

011*15 
011403 
G 10741 

DP 

■IPSPR - 
DS2 

OTCMM1R- 

010503 

011305 

011373 

011040 

DPP 2 ~ 

OP2 

DS3 — 

OTCM.M2R- 

u 1141-4 
011402 
u 11 37 7 
011225 

OFin ~ 
DP 3 
OS 3 A 
Dtf 1 

011416 

011404 

011376 

010417 


"TJWJIT ~ 
DMYCG - 
DW2R ' - 
ECF1A - 

010735“ 

011523 

011110 

011032 

OHSOR - 
DWZCG - 
ECF A 

SCF1R - 

0112 TT~ 
011524 
010723 
011011 

DWVOL ~ 
OW1 ' - 

EGFM 
ECGR 

01152 5 
Q10552 
010512 
010726 

OFXC15 =~ 
DW1R r 

ECFR 
ECRL 

011522 

011021 

010676 

010523 


ECSOR - 
ECZCS - 
ELFM 

ELINY - 

Oil 2 57— 
01143b 
010516 
OlOol? 

ecVo'L “ 

EC1 

ELFR 

ELINVGR- 

011+37 
01C-36B 
G 1 0 7 0 3 
0107^5 

ECXC3 * 
EC1R 

ELF 1R ~ 
FLINV1R- 

0 11 **3 4 
011035 
011015 
011G45 

EC Y CG =“ 
EC2* 

EL G P. 

ELINY2R- 

011435 

011123 

010746 

011132 


elpGR “ 
ELRL - 

ELXCG - 
EL1R 

011331 

010530 

011444 

011046 

ELF SOR - 

- ELRLF - 
ELYC5 - 
EL2R r 

fliriire — 
010542 
011445 
011133 

ELPTR ~ 
EL30R - 
EtZCG - 
ENC 

011332 

011264 

011446 

010504 

ELP2R - 

ELY QL - 
ELI ’ - 

ENCOOR - 

U 1 13 3 3 
011447 
010620 
010437 


EQHl ~ 

EVAGR - 
EVAYCG - 
EXCGR - 

nm wrr~ 

011334 

011467 

010455 

EWTT7" 

EYASOR - 
EtfAZCG - 
EXCSOR - 

cie 7F5 

01133 7 

01147C 

010*60 

EIJWHY t 
EVAVOJ. - 
EVA1R - 
EXC1R - 

uiiubi 
C 11471 
011335 
010*56 

-OW'l'ER 4 
EYAXCG - 
EYA2R - 
EXC2R - 

U 1114b 
011466 
011336 
010*57 


EXRSQK - 
FDl 

011304 

010607 

F „ 

FB2 

U1U 445 
010610 

h b 

FLUDtf OL - 

01U611 

011532 

t*bL 

FLUDXCG- 

0 10 6'5"4 
011527 




-19 


6166 

1 

1 

308 

PALLSOR, 

XLWSOR, 

XtfMO = XMH 0 + XHMDINC 

PALLXCG, 
XL WXCG y 

PALLYCG, 

XLWYCG, 

PALL7CG, 

XLWZCG, 

PALLVOL, 

XLWVOL 

945 

947 

000819 

6170 
6175 
• 6175 
6177 

310 

If ( XMMO ,L;, XMMD m AX 
CONTINUE 

XIOC - XHCn + XMOOINC 
IF ( XMOD .Li. XN.9DHAX 

) 23 » 310 

) 22,4 



• 

m<J2ir 

000921 
000923 
00 C- 824 

6204 

c 

m 





0,0082/ 


PROGRAM LENGTH IN 

ClUOING I/O 

BUFFERS 







011617 - 











FUNCTION 

ASSIGNntlTTS 







■ 


STATEMENT 

ASSIGNMENTS 









1 

001655 

z 

- 

006216 

3 

- 

001550 

4 

• 

000003 

5 

' U L U (J U 3 

h 

— 

0 01 4TI 

/ 

- 

Jlilfcbl 

3 


— uuM/ ” ‘ " 

11 

000275 

12 

- 

0QC316 

13 

r 

C G 0 334 

14 

_ 

000352 

15 

COOE24 

16 

• 

001325 

17 

- 

000427 

13 

• 

0 00710 

19 

L61G27 

?G 


G0C366 

21 

- 

001146 

22 


0 0 G 37 0 

<?# 

UOOJ72 

24 


O 0 U 54 4 

23“' 

- 

00 12 bb — 

“26 


031043/ 

27 

000453 

28 

- 

D0G466 

31 

— 

001674 

33 

- 

001712 

34 

0G2274 

35 

- 

002324 

35 

- 

002074 

37 

- 

QC3G14 

38 

002001 

39 

- 

002212 

40 


003026 

45 

- 

0 030 37 

4/ 

Cc2311 

48 

- 


bU 

— 

“0 L 3 U 5 3 — 

5s> 

- 

0G3C66 : 

56 

003112 

57 

- 

003131 

53 

— 

0 0 314-3 

60 

• 

003331 

61 

GC235U 

62 

- 

002364 

63 

- 

C G 24 u G 

65 

- 

002413 

66 

0C2635 

67 

“ 

0 Q 2 ‘ , 1 t 

68 

- 

002437 

69 

- 

002452 

70 • - 

inr34“i"2 _ 

f i 

— 

~ mrsnr/'E 

f 2 

-* 

HTJ5T3 

73 

to 

T0T5TD 

90 

004773 

98 


003522 

99 


003561 

10 0 

-4 

006635 

102 

007036 

ID 3 

- 

DC-7056 

104 


007100 

105 


-007273 

106 

006640 

107 


,007200 

108 

- 

007475 

1 C 9 

* 

007571 

110 

“ 008541 

* Hi 

— 

Ou‘7 iu 1 

TT 2 

— 

dG/ 3 b 1 

— lib * — 

— 

U 06647 

127 

Q0174U 

128 

- 

0 C 1 7 6 3 

129 

- 

CG1775 

130 

- 

006655 

135 

007577 

136 

- 

00760^ 

140 

- 

0067*7 • 

1*1 

«• 

0 07020 

142 

o ij 7 U 0 1 

145 

- 

007Q27 

195 

- 

GG7612 

199 

- 

005541 

200 ~ 

U4 fbl f 

2 U 5 

— 

B~CTF5“7 

21 U 

* 

DTGT77 4 — 

— ZT1 — 

■m 

010044 

214 

010050 

i *215 

- 

010061 

216 

♦ 

C10207 

3C4 

- 

005523 

306 

005532 

308 

• 

006167 

310 


005176 




“BLOCK ,NA,9 

TS AMU L 

i'N'GT hS 









SSPRO - 

01161 7 










VARIABLE 

assign*: 

NTS 









AulNUb - 

UlUbtSU 

AC In!- i*i 

-* 

010314 

— ATTTNF'R’ 

— 

'010701 — 

ACrWFTR 

— 

one 14 1 

ACINGR - 

010732 

ACINGRB 

- 

Q10734 

ACINHG 

- 

Q 10 577 

' ACINRL 

• 

010526 

ACINRLF- 

010337 

ACINSOR 

-» 

011262 

ACIN1R 

- 

011C57 

ACIN2R 

— 

011144 

ACSINGR- 

010731 

ACSIN1 

m 

010601 

ACSIN1R 


G11Q56 

ACSIN2R 

- 

011143 

Ausfkup- 

UIUhSJ / 

A L W P o R 

-* 

U 1 0 7 3 0 

A"C‘wr , s‘ 0 'p 


11 2 7 3 

— FCPre-j — 

-**■ 

010576 

ACWP1R - 

u 11 0 55 

AC^P2R 

- 

uiil *2 

ADP^M 

- 

0 1 1 2 7 ? 

ADPFR 


011276 

AOPGR - 

01100 4 

ADPMR ► 

- 

0110 CO 

ADPMRT 

- 

011001 

AOPRL 

- 

010532 

ADPSOR - 

011300 

AD P VOL 

- 

G115-2. 

, 40PXCG 

- 

011537 

ADPYCG 

- 

011540 

AOnzob - 

U 11641 

AD Pi 


uiuobi 

AOP'IR 

- 

011100 — 

AOP 1 RT 


011101 — 7 

AOP1T - 

010663 

ADP 1 V 

- 

010571 

AOP 1VL 

— 

010672 

A0P2R 

«•> 

011170 



3-21 


FLUDVCG- 

FR 

FURNXCG- 

011530 

011162 

011462 

FLUDZCG- 
FURMSR - 
PURMYCG- 

011531 
Gil 32 5 
011463 

FLUIDS - 
FURNSOR- 
FURNZCG- 

011526 

011330 

011464 

FMR 

FURNVOL- 
FURN1R - 

010772 

011465 

011326 


FURN2R- - 
FWTNXCG- 
G ~ 

G NGR - 

0TTT2 7 
OllrO: 
0104-46 
. 010^27 

cr WD'T' 1 3‘H‘ 

FWTNfCG- 

GNFM 

gmrl 

“u~IT7Fl 
u 1 1 5 G 1 
010 313 
0 10 52-, 

e wpTuln- 
FWTNZCG- 
GN-R 

GNRLF - 

Oil ^7 7 
011502 
0 10 67 7 
010541 

F^TNVOL- 

F1R 

GNF1R - 
GNSOR - 

TTY5in — 

0 1*10 72 
011012 
011260 


iSTJi 

GTOSOR - 
GWGRT - 
GWVOL - 

GT0T7"? 

011363 

0107-11. 

011536 

SITR ~ 
GTOlR - 
GWMR 

SWXCG - 

“3TT375 

C11361 

C10707 

011533 

GTT2T? “ 

GT02R - 
GWSOR - 
GHYCG - 

" '0T1T2''4 

011362 
011275 ‘ 
011534 

GT 0 GR — 

GWGP 

GWT 

GHZCG - 

“011360 

010706 

010564 

011535 


“CRI ~ 

GW2TR - 
HR 

MPFR 

BTJ5TI 
. Oliill 
011161 
010363 

GwiH ~ 

H 

HS 

MPG» 

u 1 1 0 2 C 
0 1 G 447 
oil371 
G 1C 166 

G w 1 T R ~ 

HBL 

H1R 

MPRL 

C11C22 

010653 

011071 

010361 

C7R1TR “ 

HBL MR • 
MPF M 
MPSOR - 

_ tmrro 7 

010771 
0 1C 362 
011274 ' 


MPl 

OMSPGR - 
OMSSOR - 
0R9INC - 

010364 
011354 
011353 
010373 • 

MP1R ” 

OMSPSOR- 
OMS1R - 
•0R8PER - 

010365 

l Cli357 

011351 

010372 

FTP7R =“ 

0MSP1R - 
0M52R - 

ORINT - 

010 36 7 
011355 
011352 
C10406 

□MSGR — 
0MSP2R - 
0R3AP0 - 
PACKFTR- 

011350 

011356 

010371 

010431 


PADrrp - 
PALLRL - 
PALLYCG- 
P ALL IV - 

. Q 1 lI 4 1 6 
. 010533 
011544 

010670 

PALLE1 ~ 
"PALLSOR- 
°ALL7QG - 
PALL? R - 

010 631 ; 

Q113G3 
01154? 

11 1 G 7 6 5 

. P ALL'GH - 
PALLVOL-, 
palli - 
PALUN - 

omror 

■u 1 1 F ■» 6 
010652 
C1G66.4 

; PAL'CHR - 
PALLXCG - 
PALL1R - 
. PBAT 

“OTOTSTE 
011543 . 
011173 
010606 


PBATF - 
PERSVOL- 
PF 

PK0EN1R- 

010374 

011461 

013450 

011023 

py 

PERSXCG- 
PKDENHR- 
PNT AGO - 

010511 

011456 

010712 

010377 

HUM 

PERSVCG- 
D KOFNR - 
PRESMOO- 

U 1051 U 
•011457 
011113 
.011302 

PER550R- 
PERSZCG-’ 
PKOFNS - 
PROGRAM- 

011455 
0114,60 
011373 
0 10425 


PROP! VP - 
R 

RAIL2R - 
RCSPSOR- 

UlU^C < 
, G 10 42 3 
010^73 
* 01134? 

-'HKirp - 
RAILGR - 
RAVE 

RCSF.1R - 

U 1 U 4t' 4 . 

010471 . 

011163 

011341 

HHKXh'UN- 
PAILSOR- 
RA1LSOR- 
RCSP2F. - 

ulU^4i 
010474 
C 1131 4 
011342 ' 

P2 -z— 

RAIL1R - 
RCSPGR - 
REDUN - 

011421 
010472 
011340 
0 10'42 4 

* 

REPMR — =“ 

IIflR 1R : 

RMRAY - 

' 011002 
011063 
010452 
•0107 73 

RETSTO ~ 
RESI02R- 
RET2R - 
RRAV 

U1U 0<5b 

011147 

010453 

011074 

KbSIUGR“ 
ggT.GR - 
REUSt 
R1AV 

- "OTOTT5 ; 6 
G 10451 
011003 
010655 

RtSIOl - • 
RETSOR - 
RLFMELC- 

. S ' 

010623 
010454 
011134 
01040.5 , 


~ STSTCTF ~ 
SEPWP 
SORTIE - 
STRFM - 

U1U546 
0‘1 0 6 4 3 
• 010412 
C 111 0 4 

bA i Ll 
3F3LV - 
5PINMR - 
STRFR - 

ulUsYl 

010674 

G1G717 

CIO 675 

SAT LI FI 4 " 
3FCWT - • 

SPWPviR - 

STRF1R - 

■uiu 55u 
G10641 
C 10 71 6 
GliOlO 

SEPDRY - 
SFR 1 

STA^TYP- 
. STRGR ,- 

UTTTFTZ T 
010621 
010375 
010757 

*. 

S 1 kKL ~ 

STRXCG - 
STR1R - 
SI 

DTU5ZZ 

011433 

011064 

011423 

— SIRS OR - 
STRYCG - 
STR2R - 

T - 

011256 

011431 

011153 

010433 

STRTTP""“ 
STRZCG - 
SUBTOT - 
T3L 

UIU 4U 2 
Oil A3? . 

011313 
010657 

STR VOL - 
■ STR1 
SUPTSOR- 
TE — 

011433 

010625 

011307 

010612 


1 HBL 

. THMRT - 
THRSOR - 
THT1R - 

UlJbbl 

010775 

011372 
0110 7 6 

rFBTTR - 

THMRTT - 

THTR 

TH1 

0 14777 “ 
G10 7 76 
01116 F 
010 64 5 

r HSL V =- 
THR 

THTTR - 
TH1R 

01U673 
011164 
011166 
u 11075 . 

— nmi? — 

THRI 

THTT1R , - 
TH IT 

"O' 10 77 4 
011167 
011077 
010656 


TOTIMGR- 

T0TIM2R- 

TOTPHRR- 

CTlObbU 

011427 

011145 

010705 

TKR - 

T O.T IIP - 
TOTINGR- 
TQTPHRS- 

“BTC TT67 
010633 
01 G 736 * 
011374 

IllDAY ~ 
TOTIM1R- 
TOTPWR - 
T OT'PWIR- 

ti 1 U 1? U~7 
011061 
0 10 575 
0 11 G 0 7 

njTGR~~^“ 
• TOT IM2E- 
TOTPWRM- 
TOTSOR - 

"T)XrT44 

011426 

011105 

011347 


TOTTR “ 
TTCFR - 
TTCRLF - 
TTCYCG - 

* I irvu — =- 

U 1 1 J H t 

G107C2 
. CIO 549 
,011441 

— irnTTr; 

!' DT 2R =“ 

TTCF1R - 
TICS, OR - 
TTGZOG - 

— — rvPT =— 

0 1 1 34 6 ~ 

011013 
011263 
011442' 

— rrrrnm 

\R r — 

TTCGR - 
TTC VOL - 
TTCi 

— — p — 

GUIS 7 "' 1 
J10740 
011443 
J 1 0 57 4 
— n-rrnrn — - 

TT GFM - 
' TTCRL 
TTCXCG • 
TT.C1R - 

— -i/niMP — 

“C'rtr51"5 — 
010527 
011440 
011037 
n 1 nnii — 



V0L1 


- 010 55*. 


VOL 1R - 011325 


VOL2R - '911115 


WAC 


- 011247 



zz-z 


WAPC 

WAP4 

HA4 

011251 

011413 

011401 

WAP2 

WA2 

wcc 

011203 

011202 

011246 

WAP3 

WA3 

WC2 

011216 

011217 

011201 

WAP3A - 

MA3A 

WC3 

011237 

011240 

011214 

WC3 A ~ 

WE2 

HGNSPIN- 

WG2SPIN- 

~ i iri iz 3? 
011200 
G 1057 0 
010571 

TTCT5 “ 

WE3 . 

WGN3A - 
W.HC 

orr'40'5' 

011213 

310567 

011253 

— ^ — 

WE3A 

WGW 

WM2 

0112 + 5 

G 11 234 
010762 
011206 

" WELE 

WE 4 
WGWT 
WM 3 

0 10614 
011406 
010763 
011221 

MM3 A ~ 

MPPC 
HPP4 
WSA 

U 11243 
011252 
011417 
010605 

TTFT5 ~ 

WPP2 
WP2 

WSAGR - 

0 1140 7 
011205 
011204 
010742 

WFU ~ 

WPP3 

WP3 

WSAORH - 

01125G 

011220 

011215 

010604 

HPF~ 
WPP3A - 
WP3A 

WSAORL - 

010561 

011241 

011236 

010602 

"MSAOrm - 

WS2 

WTOIF - 
XCGGR - 

010603 

011177 

010537 

011364 

WSAlR “ 
WS3 
H 3 

XCGSOR - 

Oil 341 
011212 
011155 
011367 

— trwR — ~ 

WS3 A 
W4 

XCG1R - 

“011126 - 
011233 
C11156 
011365 

WSC 
WS 4 
W6 

XCG2R - 

HTT2W — 

011400 

011066 

011366 

XIOC ~ 

as : 

XLTO%R- 

— 010401 
011117' 
010560 
— 01-0710 

XLANOl r 
xlgre - 

XLGiE - 
XlTOOI - 

— 0 10 644 
011122 
GIG 563 
010553 

XLGMR ~ 
XLGS 
XLG1R - 
XCTOOIR- 

010721 — 
011176 • 
011073 
011026 

XLGHRE - 
XLGSE - 
XL TOO - 
XLT0D2R- 

0 10/25 
011175 
010624 
fiiilOft 

XL\/ 

XLWSOR - 
XLWZCG - 
XL M2 

011424 

011301 

011551 

011254 

XLVT - 
XLWVOL - 
X.Wi 

XLW2R - 

011425- 

011552 

010667 

011172 

xtw ~ 

XLWXCG - 
•XLW1R - 
XL W 3 

31 5 66 3 

G11547 

011102 

011255 

XL HSR. •- 
XLWYGG - 
XL W IV - 
XL W4 

oiiao6 

011550 

010666 

011420 

XL1R =" 

XM?PiH - 

-XHjgLF - 

011030 

turn 

010545 

XL IKE ~ 
XM AG2R - 

xHsgR - 

XWFS3R - 

011034 

010463 

010753 

011266 

XMAGGR - 
XMJFH - 
XMERCOMr 
XMEi. b 

— GT 0 46 1 

uitu 

013410 

— xmre‘su'R“" 

XHEFR - 
XMERL - 
XMEiGR - 

010464 

81811! 

010752 

XMElR - 
XME2R - 
XMMOINC- 
XMMD1 - 

G 110 53 
011140 
010421 
G 105 4-7 

XH'EliR - 
XKE3 

XMMOLC - 
XMOD 

011352 
010615 
010520 
010 33 5 

XrtEi2K 

XMISPWR- 

XHMQMAX- 

XMODINC- 

011137 — 

010376 

010422 

010427 

— XH'ET; ~ 

XMMO 

XMMDMINr 
XMODLC - 

“OTTO 5 — 

010536 

010420 

011103 

~ XMOdMAX-"' 
XNANT - 
XNTR - 

XPQNW1R- 

010430 

010444 

£10502 

011051 

XMOOMIN- 

XNOL 

XNXRONO- 

XPONH2R- 

010426 

010501 

01G440 

011136 

X HP ISP - 
XNONLNK- 

XPQNDWT- 

1 • 

“G 10b 32 
010434 
010634 

— XN7TME': - 
XNTAPRCr 
XPONWGR- 

010506 

010435 

01075} 

START OF 
006207 

— grr n rtT — nr - 

CONSTANTS 



T 


* 



■START OF T EMPURARIES 

010257 


START OF INOIRECTS 

UTTTT57 

UNUSED COMPILER SPACE 
000200 



3.2 EXAMPLE PRINTOUT 

This section shows an example printout produced by the Satel- 
lite Synthesis Computer Program for the DSCS-II satellite program. 
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PROGRAM BRAVO 

TYPE ATTIO. 30NT, 

CASE NUMBER OSCS-II 
3-AXIS HOT GAS 




. 07/22/74 


MEAN HISS. OUR; 

TYPE SATELLITE 
MISS. POWER (H> 
POINT. ACCUR. (DEG) 

37 

COM 

• 

wo 

218* 

15Q000 


DESIGN LIFE CYR.I T 
MODULARITY (UNITS1 
9ATT • REDUN. / PERCENT 
TYPE ELECT! ROHER SOLAR 

37736 

25. 

* O. 

ORI 

0 rIgid 

1. 07 1C7 

ARRAY PACK* FACT. 
NUMB. TAPE RECORD. 
ENCRYPTION WT. 


19/5* “ 

.9 
0*0 
25. 


VELOCITY 
EXT. ON, LINK? 
DATA PROCESS. 
CONTINGENCY 

WT. 

Term 

i: 

o; 


NOHB. TRATRPtTNDtTfS 
ANTENNA DIAM. (FT) 
NUMBER OF MODULES 


U* 

3.65 

CDR 

LC 

TKA N5 
COMM. 
1 

7 Phk « 1 WA 1 13) 
FREQ. (GH2V 

1 25* 

COR CDR 

0. 

s; 

15. 

LCR 


I f EM 

Rmr 

FACTOR 

OH 'HOD 

FACTOR 

□M MOL) 

FACTOR 

REFERENCE 

HEIGHT 

GftDUNO ON»oRg 

REFURB, HAINT, 

ON-ORB 

NAINT. 

^8gSi E ’ 

STRUCTURE 

1.000 

3.287 

1.000 

92. 

64. 

458. 

573. 

o. 

~ crjrrn 

GUID. NAV. ♦ STAB, 
DRY PROPULSION 
REACT • CQNT.' 

rnnnr 

1,067 
1.000 
1.0 96 

l.UuO 

1*000 

1.000 

1*100 

I7 _ 3 3U — 
1.790 
1.000 
1*280 ' 

2Z * 
67. 
10. 
19. • 

22. 
62. 
ia; 
. 12. 

” 5b. 

82 ; 
22; 
24 ; 

29. 

130. 

19. 

25. 

0* 

0. 

0. 

0. 

Ci U. K. I • 

ELECTRICAL 
SOLAR ARRAY 
BATTERY 

— r*u9i 
1# 030 

~ 1.0 uo 
1.000 

— r7su 

1.450 

75 . 
235* 

66. 

83; 

82. 
242. 
68* ' 
86. 

52 » 

715. 

68. 

96. . 

5B7 ~ 

341. 

96. 

121. 

0. 

0. 

"" Jib 1 K1UUI ION 

P HR* CONOITION » 
NESS • EQUIPMENT 
EQUIPMENT 

• 819 

8 * b 48 
1.000 

U . UU U 
1.000 

b d . 

23; - 

' 237. 

0. 

b4. 

24. 

194. 

0* 

5 37. 

24. 

194. 

■a. 

9 or* 

34 ; 

, '280. 
0. 

0. 

trA^sponder 

CONTINGENCY 
DRY HEIGHT 

0*000 

0.000 

0,000 

180 • 1 

'75$'. 

iW 

72()I 

un 

' 1633* 

145§, 

8: 

kEACY* Cun i , VkuPtL. 

MAIN PROPELLANT 
HET HEIGHT 

ADAPTER HEIGHT 

1*000 

0*000 

0.000 

8t) . 
40 . 

■ 6 Ui 

26 . 
35 ; 
* 792 ; 

249, 

aTi 

1767, 

’ 2io; 

- tf: 

1577; 

222. 

8: 

8: 

AO 1 0 • > A Y LOAU “ SUB W I 




95T. 

~ 1041” 

1977, 

T7B9? 

u • 


REPRODUCIBILITY OF THE 

@iW mob is poor 



3-25 


SPACELAB MOD.’ 

SPACELAB PALLET 
EQUIPMENT 

EXPERIMENTS * MISSIOI 
DATA PROCESS' * OISP. 
ELECT. POWER 
ENVIRON# CONT 

5UPTORTS 

DOCKING ADAPT 
FWO TUNNEL 

AFT TUNNEL 


RETENTION MECHANISM 
MODULE EXCHANGE MECH. 

MODULE MAGAZINE 

DEPLOY /DOCKING MECH. 
SIDE RAILS 

ATMOS. CONT. (EXT. CREW) 


EXTRA CREW 
GREW FURNISH 
ELECT. POWER 


RCS PROPEL 

ORB; SUPPT. TOTAL 

m mmur 


CDR 
OM MOD 


OM MOD REFERENCE 


COR 

GROUND 


COR 

ON-ORB 


LONGITUDINAL CG 
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PAYLOAD GEOMETRY 
. OIAHETER (FT . > 




4.6 

5.2 

a. e 

7.4 

fc T 

0*0 j 

LENGTH (FT. ) 
ENVELOPS OIAH. . 
ENVELOPE LENGTH 
ADAPT. LENGTH (-T.) 

(FT.) 

(FT.) 



4.8 

10.9 

8.2 

2.7 

3.6 

10.9 

7.3 

4.2 

Si 8 

10.9 

9.4 

2.6 

5.2 

10.9 

6.6 

3.0 

0 III ( 

‘IS? . 
0.0 

ADAPT • THICK. (FT.) 
DENSITY (LB/CU FT) 
TOTAL ELECT. POWER <H) 
BOOSTER DIAM. (FT) 




nro'333 
10.0 
418. Q 
18.0 

-^35 ; 

416.0 

13.5 

sir - 

I3i5 

TinnrsT 

mbIS 

13i5 

O.UQ|lJ| | 

fTEwnTrstrnm; 
OES. LIFE 




2.500 

3.124 

3.000 

3.716 

- 3 . uu ii 
3i736 

* ’ < 

5. Odd 
3.7?6 

3* 0 CTJ 
3.7?S 

COST HEIGHT SUMMARY 




- 

, ■ 




' 

* 

REFERENCE 

GOR 

GROUND 

REFURBISH 

CDR • > 
ON-ORBIT 
MAINTENANCE 

on-Brbit 

■ MAINTENANCE 

5 8KP.. 

STR > TPS ♦ AOP 

GN + ACS 

ORY PROPULSION 

WS 

WA 

WP 

"■ HEIGHT 

190. 

66. 

10. 

HHIT 

0. 

17. 

0, 

wT. 

355. 

94. 

10. 

“HHU wn 

0. 724. 

7. 107. 

0. ' 22. 

HHu ; NT • 

O; 824. 

0 « 155. 

0. 19 i 

NT* ‘ 

'ill 

C.D.P.X. 

mm**?. 

ATT. CONT. PROP. 

WC 

•« 

WAP 

rb . 
235. 
237. 
80 . 

ft 

0* 

8 2. 
242. 
194. 
2 6. 

( • 02# 

41: Ihl: 

0. ; '47. 

IT* 

*1: 

0. 

5b* 

813 

48. 

j: 

MAI N - P'ROPt'CCI 
LAUNCH HEIGHT 

RTP1P 

4U. 
95 3. 

Li. 

TS~l T 
io4i; , 

0* ’ OT" 

.1977. 

u • 

76 . 
1799. 

' 0. 

0. 

TYFE STRUCTURE 
ELECT. POWER (WATTS) 
ORBIT ALTITUDE 
TYPE STABILITY 

li 5 

Cl « 
Al* 

2 * EXO 

418. 

19323 . 

0. 3-AXIS 

HOT 

418. 
GAS - 

418. 


416 # 


TUfAL impulse : 
TYPE' PROPELLANT 

PI s 

?z = 

7 ya7'. 

4, LIQUID 


0. 

- o; 


1531 6 « 



8 



3.3 


PROGRAM SYMBOL LIST 


The following pages of this .section list the symbols used in the 
Satellite Synthesis Computer Program. 


ACINCG 

ACINFM 

ACINFR 

ACINF1R 

ACINGR 

ACINGRB 

ACINHG 

ACINRL 

ACINRLF 

ACIN1R 

ACIN2R 

ACSINGR 

'ACSIN1 

ACSIN1R 

ACSIN2R 


This list represents the attitude control inert weight 
for various items (lb). 


¥ 


ACSPROP Attitude Control Propellant Weight (lb) 

AC W PGR 

ACWP1 

ACWP1R 

ACWP2R „ 


ADPFM 
ADPFR 
AD PGR 
ADPMR 
ADPMRT 


Adapter Weight (lb) 

■ 1 
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ADPRB 
AB.P1 • 
ADP1R 
ADP1RT 
ADPLT 
ABP1-V 
AD PLY B.. 
ADP2R. ' 
ADP2RTT. 


Adapter. 'Weight. (lb): - ‘(Cant'd),. ' 




AMFM 

AMFR. 

AMF1R ' " 

AMINGR 

AMINGMR 

AMIN I 

AMIN1R 

AMIN2R 

AMRL 


AMWPMR 
AMWPL . . 
AMPWIR- 
AMWP2R 
AM2R • 

ANTDIAM 

ANTWT 


Apogee Motor .Inert Weight (lb), . 


Apogee Motor Propellant Weight (lb) 


i 


Communication Antenna Diameter (ft) 
Communication Antenna Weight (lb) 
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ARE AMR 

' 2 

Structural Area (it' ) , 

AREA1 



AREA1R 



AREA2R 

f 

AVEALT 

Average Altitude (nmi) 

BATT 

Battery Weight>.(lb) 


Communications and Data Processing Weight (lb) 
Contingency Factor 


4 


CODE 

Satellite Name (SEO-1) 

COMFREQ 

Communication Frequency (GHz) 

CONFM 

CONFR 

CONGR 

CONRL 

CONI 

CON1R 

CON2R 

Contingency Weight (lb) 


CDPl 

CFFM 

CFGR 

CF1 V 

CF11 

CF2R 
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DAP2 

DAP3 

DAP3A 


Attitude Control Propellant Incremental Weights 
due to' MMD Variation (lb) -■ - 



DATAPRO 

DA2 

I>A3 

DA3A 


Data Processing Weight (lb) 

Cost Name for Guidance and Navigation 



DBBL 

DBSH 


Satellite Diameter; (ft) . 
Shhttle Adapter Diameter (ft) 


- DC2*> 
DCS 
DC3A 


Cost Name GD PI Incremental Weights due- to MMD 
V ariation 



DELMMR' ^ Electrical Weight Change due to. MMD Variation (lb) 

DELMM1R I 

DELMM2R * 


DEN 

DENI 


Satellite Density (Ib/ft ) 


DE2 
DES . 
DE3A 


Cost Names for Electrical Weight Variation, with-' ' 
MMD 


* 


DGNMMR- • 
DGNMM1R ‘ 
DGNMM2R 


-Guidance and Navigation Incremental Weight 'due 
to MMD Variation (lb)-' 
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DIAMMR Satellite. Diamete r . (ft) 

DIAM1 

DIAM1R 

DIARAV 

DIAMZR 

DIARV 

DIA1AV 

DIMRAV 1 ' 

DI1RAV 


DISTFM Electrical Distribution Weight (lb) 

DISTF1R 
DISTIR 
DIST2R 



DM2 
DM3 
DM3 A 


Mission. Equipment Weight Variation with MMD,; 
Cost Name (lb) 


* 


DP 

DP2 

DP3 

DP3A 


Apogee Motor Dry Weight Variation with MMD, 
Cost Name (lb) 


I 


DPP2 Launch Weight Variation with MMD, Cost Name (lb). 

DPP3 1 

DPP3A T l 


DS2 

DS3 

DS3A 


Cost Name of Structural Weight Variation wit! 
MMD (lb) 


I 
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D.TCMMR 

DTCMM1R 

DTCMM2R 

CDPI Weight Variation with MMD (lb) 

DV1 

Velocity (ft/ sec) 

DWGR 
DW1_. 
DW1R 
D.W2R ' 

Satellite Dry Weight (lb) 

1 

ECFA 

ECFM- 

•ECFR 

ECF1A- 

i , 

ECF1R 

ECGR 

ECRL 

Environmental Control Factors 

EC1 

EC1R 

EC2R 

Environmental Control' Weight (lb) 

ELFM 

Electrical Factors and Weight (lb) 


ELFR 

EEFIR 

E31.GR 

-ELINV 

ELRL 

ELRGF 

ELI 

EUR 

EL2R 
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ENC 

ENCODR 

EQWT 

EQWTGR 

EQWT1R 

EQWT2R 

FB 

FBL 

FBI 

FB2 

FMR 

FR 

R1R 

G 

GNFM 

GNFR 

GNF1R 

GNGR 

GNRL 

GNRLF 

GN1 

GN1R 

GN2R 


Encoder Weight' (lb) } ' 

f 

Equipment Weight (lh) 


3g Longitudinal Load on Satellite Adapter (lb) > 



2 

Gravity 32.2 ft/sec 

Guidance and Navigation Factors and Weight (lb) 
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GWGR Gross Weight (lb) 

GWGRT 

GWMR 

GWT 

GW1 

GW1R 

GW1-TR ' 

GW2-R * 

GW2TR 

- HBlJ Adapter Height (ft) 

HBLrMR 
HE- 
HR 
H1R 


MPFM 

MPFR 

MRGR 

MERE 

MP1 

MP1R 

MP2R 

Main Propellant Weight (lb) 

ORBAPO 

Orbit Apogee (nmi) 

ORBING 

Orbit Inclination (deg) 

ORB PER 

Orbit Perigee Altitude (nmi) 

ORINT 

Solar Array Paddles Orientation 
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PACKFTR (PF) 


Solar Arrays Cells ‘Packing Factor (0.9) 


PADTYP 

Type of Solar Array Paddle'(FLE 

PALLET 

Shuttle' Pallet Weight (lb) 

PALLFM 

PALLFR 

PALLGR 

PALLMR 


t 

PALLRL 
PAL LI 
PALL1R 
PALL1V 



PALL2R 



PALUN 

Pallet Unit Weight’ (lb /ft) 

PBAT 

Battery Power (watts) 

PD 

Propellant Density (lb /ft ) 

PDM 



PF 

Solar Cell Packing Factor 

PKDENMR 

Satellite Packing Density (lb/ft^) 
■ 

PKDENR 

PKDEN1R 

i 


PNTACC 

Pointing Accuracy -(deg) 

PROGRAM 

Program Name (BRAVO) 

PROPTYP 

Propellant Type (Liquid or Solid) 
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PWRTYP 

Power Type (Solar) 

PWRXPON 

Transponder Power (watts) 

RAVE 

Adapter Average Radius (ft)- . 

DMRAV 

RRAF 

R1AV 

1 

REDUN 

Redundancy Factor for Batteries 

REPMR . 

Residual Propellant Weight (lb) ' 

RESID 

RESLDGR 



RESID1 

RESID1R J 

RESID2R 

REUSE Factor for Reuse 


SATLIF 

SATLiIFl 


Satellite Design'Life (years) 

* 


SEPDRY . 


Sola’r Electric Propulsion Dry Weight (lb) 


SEPWP 


Solar Electric Propulsion Propellant Weight (lb) 


SFBLV- Structure Factor 

SFCWT | 

SFR1 


SPINMR 

SPIN2R 


Solar Propulsion Inert Weight (lb) 

i 
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SPWPMR Solar Propulsion Propellant Weight (lb) 

SPWP2R jf 


STABTYP 

STRFM 

STRFR 

STRF1R 

STRGR 

STRRL 

STRTYP 


Attitude Control v Type (3 -axis) 
Structure Weight 


Structure Type (EXO or ENDO) 


STR1 Structure Weight (lb) 

STR1R j 

STR2R 


TBL. Adapter Sidewall Thickness (ft) 

TE 

TH 

THBL 

THBIMR 

THBLiV 

THMR 

THMRT 

THMRTT 

THR 

THR1 

THTR 

THTTR 

THTT1R 

THT1R ' 
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TH1 

TH1R 

TH1T 

THITT 

TMR 

TODAY 

TOTIMGR 

TOTIM1R 

TOTIM2R 

TOTINGR 

TOTIMP 

TOTPWR 

TOTPWRE 

TOTPWRM 

XOTPWRR 

TOTPW1R 


Adapter Sidewall Thickness (ft) - (Cont'd)- 


Today’s Date t 
Launch Weight (lb) 


Total Impulse (lb/sec) 
Total Power (watts) 


TTCFM CDPI Weight and Factors 

TTCFR 

TTCF1R 

TTCGR 

T.TCRL 

TTGRLF 

TTC1 • 

TTC1R 

TTC2R 


TYPE 


Satellite Type . (COM, NAV, OBS) 
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3 

VOL.MR .Satellite Volume- (ft ) ■ 

VOL1 

VOLIR jf 

VOL.2R 


WAC 

WAPC 

WAP2 

WAP3 

WAP3A 

WA2 

WA3 

WA3A 

WC 

WCC 

WC2 

WC3 

WC3A 

WEC 

WELE 

WE2 

WE 3 

WE3A 


Cost Names for Cost/ Weight Printout - Have No 
Effect on Program 


W.GNSPIN 

WGN3A- 

WGN2SPIN 


Guidance and Navigation Weight Spinner (lb.) 
Guidance and Navigation Weight 3-Axis (lb) 
Guidance and Navigation Weight 2-Spin (lb) 
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WGW 

WGWT 

IMC 

WM2 

WM3 

WM3A 

WPG 

WPF 

WPPC 

WPP2 

WPP3 

WPP3A- 

WP2 

WP3 • 

WP3-A 


Cost Names for Cost/Weight printout - Have No 
Effect on Program 



WSA 

WSAORH 

WSAORL 

WSAORM 

WSC‘ 

WS2 

wsy 

WS3A . 

WTD1F 

W3 

W4 

W6 


Solar Array Weight (lb) 

Solar • Array Weight Oriented, High Orbit Weight • 
Solar Array Weight Oriented, Low Orbit Weight 
Solar Array Weight Oriented, Medium Orbit Weight. 
Cost Names ' 

I 

Difference in Weight (lb) 

Cost Names ■ 

I 
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XIOC 

XLANDI 

XLGMR 

XLGR 

XLG1 

XLG1R 

XLTDBL 

XLTOD 

XLTODGR 

XLTOD 1 

XLTOD1R 

XLTOD2R 

XLV 

XLVT 

XLWC 

XLWGR 

XLW.l 

XLW1R 

XLW1V 

XLW2 

XLW2R 

XLW3 

XLW3A 

XLW4 

XL1R 


year,, Initial Operational Capability 
Adapter Length' (ft) 


Length-to-Diameter Ratio 


Launch Weight (lb) 


t 


XMEF1R 

XMEFM 

XMEFR 

XMEGR 


Mission Equipment Factors and Weight 
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XMER Li 
XME1 
XMEIR 
XME2 . 
XME2R 
XME3 ■ 

XMISPWR 

XMMD 

XMMDINC •' 
XMMD MAX 
XMMD MIN . 
-XMMD1 

XMOD 

XMODINC - 

XMODMAX- 

XMODMIN 

XMPISP 

XNAME 

XNDL 

XNDNDNK 

XNTAPRC 

XNTR 

XNXPOND . 
XPONDWT 


Mission Equipment Factors and Weight (Cont'd) 


Mission Equipment Power (watts) . 

Mean Mission Duration (years) 

Mean Mission Duration (years) Increment 
Mean Mission Duration (years) Maximum 
' Mean- Mission Duration (years) Minimum 
' Mean Mission Duration (years) 

Number of Modules 

■Number.. ; of Modules Increment 

Number of Modules Maximum ■ 

Number of Modules Minimum 

Main Propellant Specific Impulse (sec) 

Program Name (SATWTS) 

Number of Down banks 

Number of Tape Recorders : 

Number of Transponders 
Transponder Weight (lb) 
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4. SPACE SYSTEMS PAYLOAD PROGRAM COST 
ESTIMATING COMPUTER PROGRAM LISTING 


The listing for the Space Systems Payload Program Cost Estimating 
Computer Program is shown in this section. 
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. - VP4YPP0C [L|]V 
V PAYPRQG 

Cl] INITIALIZE ‘ 

[ 2 ] CON ST ANTE 

C 3 J ' ENTER SA TEL LITE * 

[4] U 

[5] i/UFAp 
[C] DORCA 

r 7 a ’ FACTOR 
C 0 j CUR 

[0] HTYPE*2)/CmiOT 
[103 CUPREUS2 
m3 CliNOT ‘.TOTALING 
r 12 3 SPREAD 

[13] LV 

[14] OVTCOST 
[153 OVTSPD 

[16] OUTLV 

[17] f.ESVD 
•7 


I 

ilNITIALIZElUlR 

V INITIALIZE 

[ I ] PD+PU + 0 

[ 2 ] I-iDHtU* 0 

[ 3 ] CU + 0 
m LD*- 0 

[ 5 ] FAL+FDE V-^FUNI* 1 

C 6 ] FSSD+FSED+FSCD+FSAD+FSPD+FSFD+FSGD+i 
[ 7 ] FS D U+-FSU U+FS C U+FDA U+FSPU+rStiU+FSLU* 1 

[ 3 ] SSRC+SSRnE+SSNEV+SSREF+SSr.TN *- , 0 
[0] ■ A.LV1*-ALV2~ALV3<-Q 

[ 10 ] L V51+L VS2+L VS3+COL V1+COLV2+COL l'3«- . 0 

[II] ' LVC1+LVC2+LVC3+1 

[•i2] fled+fled+flcd+flad+flpd+flud+flcd+i 
[13] . FLSU<-FLEU+FL,CV+PLAU+FLPV+rLtW+FLLV+l 
[ 14 ] l/S* iv'i> P.'C+t.'A «• WA F+ UP+UPP+IW+ 0 
r 1 5 ] UER+-UCR+VA R*Wfi PR+UI--R+- 0 
[ 16 J LS+LE+LC+LA+LP+LP+l 

V 




®S?Sgi 


OF 


Poor 




i 

OJ 


• VCCWSTAiiTStu^ 

■V. CONSTANTS . 

[1] B.L+-1 ' 

[23 • ERE* 2 
;[3 3 0A0+2 

T 4 U , bUD*\* 

C-5] ' JhQ+5 

[ 6 ] Ct"2-*-b 

[73 cot;* 7 

• [83 Rl/B+31 ' 

[93 • R!-'W*2S 

[10 3 ,OVUE* 2.06 
[113 FEE*- 1.13 
[123 FLU* 1.5 
[.13 J FLU* 1.3 
T14J ECP+- 1,15 

[15 3." PI*X , 1 . C6 5'}"1 .114,1.17,1.225 
[ 16 J ,yPf 73 
[173 iFLYP+7 9 ' ! 

; [18 3 <71-«-0.13 . • . - • 

[19 3 E 1 f-P.l *M1*.YR D+RR+MR* 0 
[2 0 3 C\*F2*ll2*LES*L VT-YPE* 1 
[2i j 

[223 /l 1+-RE0D+3 . • 

[-2 3J 27;<3P-*-10 
V 


[13 

VW/F4CT 5 Ltf v 
V WHFAC > 
+2x2!JP£ 

[23 


[33 

f q 

[43 

-FTYPE2 

[53 

+0 

[63 

FTYPB3 

[73 

+0 


V 



VFTYPE 1[ Li] 7 
•. V FTYPE1 
Cl] FTYPE2 
[ 2,] RR+-MR+-Q 
7 

vF2\rpp2[L37 
7 FTYPE2 
Tl] WRATIO 

C2] PLP0-*-O.536 + O'.464><l7Pfl + f/P 

[3] FIEV+Q. 307 + 0 . SVSxVERiWE 

[4] FLCD-0,71S+0.2&5*WCR*WC 

C 5] FLCU+0 . 475 + 0. S2$xWCR*WC 

[6] TEMP-r (WAR+WAPR ) iWA+VAP- 
. C73 FLAU+0 ,466+0. 534x2’£WP 

[8] +(2WPJti.6)/Dl 

C9] FLAD+0. 938 + 0. 062xTEMP 

CIO] +D2 

[11] PI iFLAD+Q . 813+0 . \%T*TEMP 

[12] D2:FlMD+0. 812+0. l&QxWMRiWM 

[13] F£Af£/«-0.39+Q.61xJWi?*W/ 

f [143 +(«M2W=0)/F2 1 

[153 FEAU+FLAUxi. 0074-0. OO74x2W0P 
[163 P21 :+(Atf?*0)/F22 

[17] MR* 0.25 

[18] F22 :MR+MR*RMOD*TMOD . • 

[19] -KPP*0)/0 

[20] RR+ 0.39 

7 

VWP4IPIOCQ3V 
7 WRATIO 

[13 +(WER*0)/WR1 

[ 2 ] WER+WE 

[3] WRli+(WCR*0)/WR2 

[5] WR2i+(WAR*0)/WRS 
[ 6 3 UAR+WA 

[7] W?3:-*-()MPfl»0)/W?4 
[8 3 WAPR+WAP 

[9] WRU i+(WMR*0)/0 
[103 WHR+WM 

V 
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VFTYPE'3lQ]V 

V FT y PE 3 . 

Cl]' LSD*- 1 0.81 0.56 0.62 0.53 0.59 0.59 

C 2 ] LED * l" 0,54 0.65 0.65 0,73 0.75 0.76 

[3] LCD-*- 1 0.57 1 0.72 0.7 0.79 0.79 

[4] LAD * 1 0.58 1 0.68 0.61 0,52 0.71 

[5] LPD* 1 0.88: , 5p0 . 8 5 

C 6] LMD* 0.75 0.75 0.63 .0,75 0.75 0.75 0.75 
T7] LSU* 1 0.89 0,59 0.81 0.42 0.8i 0.81 

[8] LEU- * 1 0.59 0.79 0.95 0.85 0.54 0.8 

[9] • ECU* 1 0.78 1 0.66 ,3p0.85 

[10] LAU* 1 0.63 1.0.82 0.83 0.59 0.87 

[11] LPU * 1 1.14 i 5p0.75 

[12] LEU* 1 1 0.83 1 0.65 1 1 

[ 13 ] LLU* 1 1 , ( 3p0 . 74 ) , 1 1 

[14] FLSD+LSDILSI 

[15] FLED+LEDILE1 

[16] FLCD+LCDILC1 

[17] FLAD+LADILA ] 

[18] FLPD+LPDILP} 

[19] FLMD*LNDZLMl 

[20] - FLSU+LSUZLS1 • 

[21] FLEU+LEUtLEl 

[22] FLCV+LCUILC1 

[23] FLAU+LAUILA ] 

[24] FLPV+LPUiLP] 

[25] FLMU+LMUlLMl 

[26] FLLU+LLUILM1 " 

[27] FLCD*0 ;'7 1 

[28] LSD*LED*LCD*LAD*LPD*LMD*LSU*LEU*LCU*LA U*LPU*LMU*LL U* 1 0 

[29] +(MR*Q)/F31 . 

[30] NR* 0.25 ’ 

[31] P31 i-*-(RR*0 )/Q 

[32] RR* 0.3 

V 
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vDORct irtnv 
7 DORCA 

[i3 yoo+yp-68 

[23 PI+PIZYRNl w ’ 

[3] WC+WS+WER+WCR+WAR+WAPR+WP+WPP+WMR’' 

[4] +(YRD*0)/D& 

[5] y/?0+3 + <JW>300 0) 

[ 6 ] DS:+(LVTYPE=Z)/D5'‘' 

[7] ALVl+(.%. 376xPI) + 0. 7&*PIx(,LVTYPE = 2) 

[8] 05:+(M1*0)/04 J 

[93 +( ( Af2 — 1 )v(W2=:2)VCW2 = 9.)v{(A/2=7)a( fcWO &500 ) ) ) /01 • . - 

[103 +((A/2 = 6)v(A/2 = 10 )v((J /2 = 3)a( W/OS500 ) ) V ( (//2 =4 ) A ( W/PSS 00 ) ) v ( (A/2 = 7 ) A ( </A/P<5 00 ) ) v( ( A/2 = 8 ) A ( M«?i200 ) ) ) /02 

[113 +((A/2 = 5)V(( M2 = 3 ) A ( VMR <500))v( ( A/2 =4 ) A ( W//?<500 ) ) v( ( A/2 = 8) A( JWP<200 ) ) )/03 

[12 3 01: A/1+1 

[133 +04 

[143 02 :A/l+2 

[153 +04 

[16 3 03 :A/l+3 

[173 04:+(~((A/2 = l)v(A/2 = 2)v(A/2 = 6)))/0 
[183 01+0.025 

V 


7Pi402’0PrD37 

7 p^cmr? 

[13 FALL+OVHDxFEExECPxPIxFAL 
[23 PD+FALLxPLDxFDEV 
[33 FV*-FALLxPhUxFVRI . 

[43 FSD+FDxFSSDxFLSDi 1000 

[S3 FED+FDxFSEDxFLEDf 1000 

[63 FCD+FDxFSCDxFLCD *1000 

[73 Pi40+POxPS’/lOxP£/tOilOOO„ 
[83 ' FPO+POxFSPOxPOPO* 100 6' 
[93 FMD+FDxFSMDxFLMD*10Q0 
[103 FGD+FALxFDEVxFSGDxFLGD 
[113 FSV+FUxFSSUxFLSUnOOO 
[123 feu+fuxfseuxfleuh ooo 
[133 FCU+FUxFSCUxFLCU*1000 
[143 FAU+PUxFSAUxFLAUHOQO 
[153 FPV+FUxFSPVxPLPVi 1000 
[163 FMU+FUxFSMUxFLMUHQOO 
[173 FLU+FALkFUNJxFSLI/xFLLU 
7 


reproducibility Of the 
original page is poor 



rf>- 

I 

-J 


Cl] 

C2] 

C 3 ] 

C 4 ] 
C5] 
[ 6 ] 
C7] 
[ 8 ] 

[9] 

[10] 
[11] 
[ 12 ] 

[13] 

[14] 

[15] 

[16] 

[17] 

[18] 

[19] 

[ 20 ] 
[ 21 ] 
[ 22 ] 

[23] 

[24] 

[25] 

[26] 

[27] 

[28] 

[29] 

[30] 

[31] 

[32] 

[33] 

[34] 

[35] 

[36] 

[37] 

[38] 

[39] 


VCERimv., 

V CER 


OV+~UR+WS< 10.25 


tfJ+~£0«*J/S<9.95 
•"(.S 1=1) /ERDOS 

SD-*-FSDx (0^x700+550. 33x^5*0.26 )+i/ffxl6 50 
SU+FSUx (51x450+11 .3 9x1/5*0. 57 )+£0x49O 
-"ELEC 


ERDOS :SD+FSD*(OV*~657 .V2+SS0 ,33xWS*0 .2S)+URx350 
SU+FSUx (HI*~22. 2+11. 3$*WS*0. 57)+£0x2O 
ELEC iED-*-FF.D*H 53. 8 3 + 66 . 63x21*0 .48 
EU+PEU*111 .59+4.907 5x£i*o .62 


CD+-FCD* (15,lX(/C)+((01 = l)x765.4)+(01=2)x3965.4 
CU+FCU* ( ( WC <13 )x90 ) + ( VCZ13 )x "8 3.05 + 8. 4 xWC 

AD+FAD* (Ul=l)x 2 63. 42 + 125. 68x(MtKAP)*0. 36 )+( (Al*l )xll. 92* (VA+VAP) )+((Al=2) 
AU*-FAU*( (>11 = 1 )x27. 51 + 16 . 003x ( JM+IMP )*0 . 5 )+(/ll*l )*28. 87+4. 2Bx'(K4+IMP) 
+(P1=0)/MISS 
-*-(P2=4)/LJ0 


x5700)+(^l=3)x2187 


PD+FPDx ( (PI <50000 )x30)+( PI £50000 )x "187. 97 + 0 . 01 XP 1 

PU+FPU* 3 5+ (PI >2000 00 )x95 

-"MISS 


LIQ :PD*-FPDxQ . 9675xPl*0 , 5 
PU+FPl/xO . 08315599999999999xP.l*0 . 7 
MISS i-"(WM=0)/GSE 

MD+FMDx ( 1 . 575*(W1=2 ) )x ( 3 . 15*(«1=3 ) )x397 . 49+242 . 58* WH*0 . 4 . . 

>)*( 2 «7 5 *(Wl = 3))x(30*(JW/<17))x("309.47 + 62.45x|/A/*0.S)*(J/tf£17) 
GSZ'.GD+FGDxGlxED+CD+AD+UxEU+CU+AU 1 

SPU+SU+EU+CU+AU+PU 
SAU+SPU+'MU 

Ly+FLV*Q'.'l2x((SAV*PALxFURI)*6.6*6)x3*(Ml*l) 

S PD+SD+ ED + CD,+A D +PD 
SAD+SPD+MD ' r 
AVGU+lEStCo'.QlH) 

AS+SUx’AVGU 
AE+EUxAVGU 
AC+CVxA VGU" 

AA+AUxAVGU 
AP+-PU*A V'GUr 
AM+MUxAVGV ‘ 

ASPU+AS+A E+A C+AA +/P 
ASAV+A SPU+AM 





VCUFREVS 2lQ')V 
7 CURREUS2 


C 13 

SD+SD-SU 


C2] 

ED+-ED-EU 


[33 

CD+CD-CU 


[4] 

AD+AD-AU 


[53 

* PD+PD-PU 


[63 

MD+Q.7$*MD 


[73 

SPD+SD+ED'+CD+AD+PD 


[83 

SAD+SPD+MD 



V 

1 



00 





VTO TALItHGimv 

V TOTALING 
[13- QRD++/SSRS 

C 2 1 QME++ /SSRME 

[33 QINV++/SSNEU 
[43 QREF++/SSREF 
[53 QMTN++/SSMTN 
[63 SIN+A'SxQINV 
[73 EIN+AExQINV 
[83 CIN+AC*QINV 
[93 ain+aa*q:inv 
[103 PIN+AP*QIN V 
[113 MIN+AN*GINV 

[lfc3 MEEX C+ ( SSRME > 0 ) a ( SS = 0 ) A ( SSREF > 0 ) 

[133 MEQ++/MEEXC • ' " 

[14 3 MEDELT+-LES*MEQ* ( 1 -RR ) *AM 
j. [15 3 MI N+HIN +MEDELT 

i [16 3 SPIN+SIN+EIII+CIN+AIil+PIN 

[17 3 SAIN+SPIN+MIN 
[183 MISCD+0 , 5 + 0 .0025x£AJJV 
[193 MISCIN+0 . 0 1 54 xS/tJtf 
[2 0 3 RDME+QMExMD 
[213 RDSUB+(QRD*SPD+GD)+RDME 
[223 SETDD+0 . Q&xRDSUB+MISCD 
[233 SETDIN+0. QGxl . 0154xS4y*LES*0. 926 
[24 3 SETDO+-0 . O&xLUxLES 
[253 TOTRD+RDSUB+MISCD+SETDD 
[263 TOTINV+SAIN+MISCIN+SETDIN 
[273 REFOPS+QREFxRRxASAU 
[283 MTNOPS+QMTNxMRxASAV 

[2 9 3 L0PS+LU*QINV+QREF+0,GG66667*(>MTN*(Ml*l) 
[303 TOTOPS+REFOPS+MTNOPS+LOPS+SETDO 

V 



OT"^ 


VSPREADl L)]V 
V SPREAD 

Cl] AVGC+(TOTRD-RDME)iQRl 
[ 2 ] VECT+SSRS ■ 

C 3 ] WHSPD 

[ 4 ] CORD+SUU ■ .. 

[5] AVGC+RDME*QME. 

[ 6 J VECT+SSRME 

[7] WHSPD 

[ 8 ] CORM+SVM 

[ 9 ] C0RDTE+\.Q.5+C0RD*C0RNs 

[ 10 ] AVGC+{TOTIRV-MEDELT)*QiHV 

C 1 1 ] VECT+SSHEW . 

[ 12 ] SP 3 

[ 13 ] COIN+SUM 

[ 14 ] AVGC+MEDELTtMEQ 
U 5 ] VECT+MEEXC 
[ 16 ] SP 3 

ri7] COIM+SUM 

[ 18 ] COIRVES+-IQ. S+COIN+COIM 

[ 19 ] CORO+Q 

[ 20 ] +(QREF=0)/RQREF 

[ 21 ] A VGC+l U+REFOPS * QREF 

[ 22 ] VECT+SSREF 

[ 23 ] SP 2 

[ 24 ] CORO+SUM 

[2 5 3 HOREFiCOMO* 0 . 

[ 26 ] •♦•( QMTE = 0 ) / NOMTE 

[ 27 ] AVGC+(LU*Q. 6666667 k (# 1 * 1 ) )+MTR0PS *QMTR 

[ 28 ] VECT+SSMTR 

[ 29 ] SP2 

[ 30 ] COMO+SVM ' 

[ 31 ] ROUTE :AVGC+LU+SETDO*QINV 

[ 32 ] VECT+SSNEW 

[ 33 ] SP2 

[ 34 ] COLO+SUM 

[353 COOPERA T<- L 0 . 5 + CORO + COMO + COLO 
[ 36 ] COTOTAL+CORDTE+COINVES+COOPERAT 
7 
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7<mspz>[03 7 
, 7 WRSPD 

[13 -*-2xypp-i 
C 23 SP2 
[3] -K) 

[43 SP 3 

C 5 3 -*-0 

[63 SP4 
[73 -*0 

[8] SP 5 
7 


7SP2ED3 T 
V SP2 . 

[13 rPWPi^o.o.o.o.o.sx/^GCxifpca’ 
[23 !TPAfP2-«-p ,0,0,0. 5x44KGCxy£(72’ f o 

[33 SUM+TEMP1+TEMP2 
\ 


V5P3E03V 
V SP3 . 

[13 r^WPlVo.O.O.O.O^Xil^GCxKgcr 
[23 TEMP2*0,0 % 0,O.S5*AVGCxVECT,0 
[33 T£tfP3-*-0 , 0 , 0 . 25x4 VGCxVECT, 0,0 

[43 S UM+TEMP1 + TEMP 2 + TEMP 3 

7 


75P4[Q3V 
7 5P4 . 

[13 TEMPI* 0 , 6 . 0 ; 0 , .0 l'xyl VGC* VEGT 

[23 TEMP 2 + 0 , 0 , 0 ,0 .'3 5xAVGC* 7ECT , 0 

[33 2’£’WP3^0 ,0,0. 4 Sx/^GCx VECT ,0,0 

[43 2'ffWP4^0 , 0 . 12x'AVGC*VECT,0 , 6', 0 

[53 SUM*TEMP1 \TEMP2+TEMPZfTEMP\ 



VSPSCLUV 
7 SP 5 

[ 1 3 TEMP l«-0 , 0 , 0 , 0 , 0 . 0 70 0 0 00 O'O 0 0 0 00 001 *A VGC * VECT 

l 2 3 TEMP 2^-0 ,0,0,0.18x4 VGC* VE'CT, 0 

E 3 3 TEMP3+0 ,0,0.35x4 VGC* VECT. 0 , 0 
[4] TEMPH+Q , 0 1 3x4 VGC*VECT . 0,0,6' 

* C 53 2 , PA/P5^0.1x4yCCx7EC2’,0,0,0,6 

E 6 3 SUM+-TEMP1 +TEMP2+TEMP3+TEMPH+TEMPS 
7 


7iK[[]37 
7 L V 



E 13 

-((+/LVS 1)=0)/0 


C23 

CODE+LVCX . 


C 33 

AVGC+ALVX ‘ 


[4] 

VECT+LVS 1 


E53 • 

WHS PD 2 


[63 

COLVl+lO.S+SUM 


[73 

•+(.(+/LVS2)sO)/E!ID1 


E83 

CODE+LVC2 

1— 1 

E93 

AVGC+ALV2 

N 

E103 

VECT+LVS 2 


E113 

WUSPD 2 


E123 

C01V2+\.Q.S+SVN 


C 133 

•>((+/LK53)=0)/P#Pl 


E143 

CODECS VC3 


CIS] 

AVGC+ALV3 


[16] 

VECT+LVS3 


[17] 

WHSPD 2 


[183 

C0LV3+10.S+SUM 


E193 

EHD\xCOLV+COlV\+COLV2+COLVZ 


E203 

7 

TOTPLL V+COTOTAL + COL V 



VWHSPD21Q1V 


V 

WHS PD 2 


[13 

-(CODE*!)/* 


[23 

SP 3 • 


[33 

•*0 


[43 

SUM+Q , 0 ,0 , 0 .AVGC* VECT 


[5] 

■+Q 


7 


OP THE 
POOR 
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VOUTCOSTUL 1 7 
V OUTCOST 
Cl] RM+-RMB*' ' 

C 2 ] » STRUCTURE ' 

C 3 ] EL+-RM.RMW*' ELECTRICAL POWER' 

C4] CO+-RM,RMW*' COMMUNICATIONS AND DATA' 

CS] ‘ SB+-RM ,RMW* 'STABILITY AND CONTROL' 

C 6 ] PR+-RM , RMW* • PROPULSION ' 

C 7 ] SP+-RM , RMW* ' SPA CECRA FT ' 

C 8 ] MI*RM , RMW t ' MISSION EQUIPMENT ' 

C 9 ] SA*RM,RMW+ ' SATELLITE ' 

[10] GS*RM , RMW* ' GSE ' 

Cll] LN+-RM, RMW* 'LAUNCH SUPPORT ' 

C 12 ] DEV*SD,ED,CD,AD,PD,SPD 
[13J UNIT*AS,AE,AC,AA,AP,ASPU 
C14] HEADER 

[15] SUBCOST 

[16] WORDS +■ ( TEMP , ( RMB+RM.W ) ) p ST , EL , CO , SB , PR , SP 

[17] WORDS, CM 

[18] DEV*MD,SAD 

[19] UNIT*AM,ASAU 

[20] SUBCOST 

[21] WORDS* ( TEMP , ( RMB+RMW ) ) pMI , SA 

[22] ' WORDS, CM 

[23] ' DEV+-GD ,LD 

[24] UNIT*GU,LU 

[25] , SUBCOST ■ 

[26] WORDS+iTEyP , (RMB+RMW) )pGS,LN 

[27] WORDS, CM • 

7 • ■ 


VSUBCOST CLi]V 
V SUBCOST 

Cl] ' NUMB+h (2 r ,pDEV)pDEV, UNIT 

[2] Mi* 10 0 13 2 DFT'‘ NUMB 

[3] TEMP+-pDEV 
7 



4» 

l 


£ 


1 HEADER EU3V 

V hEADER 

[1] RTOT+RMW+lO+l3+RMB*2 
£2] J?l«-(L((J?r0r-pMM?)*2)H* i 

£ 3 J Rl.MHE 

£4] tO 

£5] • ( (RTOT-2Q )*2) )♦ * • 

£6] RH, 'SATELLITE BASIC COST » 
£7] yi*' 6970717273* ‘ 

fej yi>Mi?^-yic (y2-i), (y2-*-2*yi?ff )j 

£93 RH+(l((RTOT-2S)*2))4' » 

£10] DO+RH,' (MILLIONS OF 19' 
Ell] ' DOLLARS ) * 

£12] 00,I&U?,££4ff 

T13] tO 
£14] tO 

£15] Rff+(RMB+IWN+ 10 •. * 

[16] RH t 'RDTE UNIT ' 

£173 tO 

V 



VOUTSPD [U]V 
V OUTSPD 

[I] F}T«-(f'£IP-5)+i23 

•C'2 3 FY1+' FY 1 

[3] .i FX2* 4 0 DFT FYV 

[4] FY3*' TOT ' 

[53 „t 0 

C 6 J lO 

■ C 7 D FY,l,FY2 t FY3 

[8] lO 

[9] * 1 : SCHEDULES' 

[10] .*{QRD=0)/NRD 

[II] WORDS*' SPACECRAFT DESIGNS' 

[12] N UMU*SSRS ,QRD . 

[13] ,• SUBLNCH .. v 

[14] WORDS, CM 

[15] NRD:*(QME~0)/NME 

[16] WORDS*' MISS EQUIP DESIGNS 

[17] N UMB*SSRME , QMS 

[18] SUbLNCH 

[19] WORDS, CM 

[20] NME :*(Q INV=0)/ffINV 

[21] - WORDS*'' • NEW SAT LAUNCHES 

[22] • N UMB*SSNEW ,QINV 

[23] SUBLNCH-' 

[24] WORDS, CM 

[25] NINVx*{QREF=Q)/NREF 

[26] , WORDS*' REFURB LAUNCHES 

[27] N UMB*SSREF , QREF 

[28] SUBLNCH 

[29] WORDS, CM ■■ 

[30] NREF s * ( QMTN = 0 ) / NMTN 

[31] - WORDS* ' MAINTENANCE FLTS 

[32] NUMB*SSMTN , OMTN 

[33] SUBLNCH, i 

[34] WORDS ;CM . ■■ 

[35] NMTNx*(^+/LVSl)~0)/NLV 

[36] WORDS'*' LAUNCH VEHICLE 1 

[37] NUMB*LVS1,(+/LVS1) 




[38] 

SUBLNCH 


[39] 

WORDS, CM * 


[40] 

‘+((+/LVS2) = 0)/NLV 


[41] 

WORDS*' LAUNCH VEHICLE' 2 


[42] 

NUMB+LVS2,(+/LVS2) 


[433 

SUBLNCH 


[44] 

WORDS, CM 


[45] 

+((.+/LVS3)*0)/NLV 


[46] 

WORDS** LAUNCH VEHICLE 3 


[47] 

NUMB+LVS3,(+/.LVS3) 


[483 

SUBLNCH 


[49] 

WORDS, CM 


[50] 

NLVi 10 


[51] 

10 


[523 

* FISCAL FUNDING ' 


[53] 

W1+' RDTE' 


[54] 

NUMB+CORDTE , +/C0RDTE 

1 

[55] 

SUBOTSP 

H-* 

[56] 

W1,CM 

o 

[573 

W 24.' IN V * 


[58] 

NUMB+COINVES , +/C0INVES 


[59] 

SUBOTSP 


[60] 

W2,CM 


[61] 

W3+ * OPER ' 


[62] 

NUMB*C00PERA 2\ + / COOPERA T 


[63] 

SUBOTSP 


[64] 

W3,CM 


[65] 

WORDS * • PTOT • 


[66] 

NUHB*C0T0TAL ,+/ COTOTAL 


[67] 

SUBOTSP 


[68] 

Wk*W0RDS , CM 


[69] 

W 4 


V 


VSUBLNCUUnv 
V SUB INCH 

Cl 3 CM* 4040404040404040404040404 040404040404050 DFT NUMB ‘ 
7 



VSUBOTSPl LI] 7 

V SUBOTSP 

Cl] CU - «- 4 ' 0404040 4 O4O4O4O4O4O4O4O4O40404O 40. 404 ‘0 404040405 0; 

v <fDFT^ NUMB 

vzJFrcujv 

V Z«4/ OFST XiDiEiFiGiHihJiKiLiY 

[13 D+ 1 01234567B9."’ 

[2] +(v/W*\.W+,W+(H+-0)xL+l<ppX)/DFTERIt+0xF+2 

T 33 -<-(3 2 1 <ppX)/ (.DFTERR+F+C ) » 2 3 +126 

[ 4 ] -*-(2 + 126), p Jf-*- ( (V/ 1 '2 =p(/)<J> 1 2 )$<l,p,*)pjr 

[53 X«-<0 1 1 /pATJpX • 

[6] -*((A/(pJ/)* 1 2 , 2xF*-lp<t>pA’) , l^pJ/)/ (DFTERRxF-*-! ) , 3+i26 

[ 7 ] J*-l + r/0,,Ll0elAT+l>U . ' 

[8] f/-*-(2+X+J/+(fc'*0)+.V/,r<0),J/ 

[9] •*( v/2>-'/[13 I/-^(F,2)p»/)/FF2’FFF+0xF-*-2 

[10J Z*-((F-<-lpp70„+/f/[l;))p» • 

[113 X-t-[O.S+Xxlo*(.p£)pJ/[2;3 

[12 3 DFTLP : -*( F <//+//+ i Y/DFTEND 

[133 J>1+[10|( I ;fl3)®.*i6* _ l+4‘xI-*-f/[l;F3 ‘ . ■ 

[143 J+{ ,J-)xC-i-,4}((|>p^)p( ,«>(<7*l)v. a( 1 J ) ® , s 1 T-F+ 1 ) ,(Xxl+F*-J/[2 5 F3)pl ' 

[153 -*-(A/0s;X)/2+X26 

[163 JCl+tpJ') |"l+( J- + /(-K,J)pC)+Jx“l+ix3*-12xy<0 

[173 J+UC.I)pJ 

[183 •+■( 0=F)/3 + l26 • • 

[193 J+Jl i(l4>\G)AG+-/W{iHl)+\Fl 
[203 Jt ;G3*-11 

[213 +DFTLP,pZl ;(+/tf[l; iF-13 )+» J3*-D[l+J'3 
[223 DFTENDi+L / 0 
[233 -*0xpZ*-,Z 

[24 3 DFTERRi'DFT *,(3 6 p* RANK LENCTHDOMAIN ' ) fF+1 ; 3 , 1 PROBLEM.'' 
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VOUTLVWIV 

V OUTLV 

Cl] iO 

E2] -*-((+/CP£71) = 0)/0 

[3] WORDS*-' LV1 ' 
r 4 ] NUMB+COLVl t +/COLVl 
[5] SUBOTSP 
C 6 ] WS*-WORDS,CM 
[73 W 5 

[8] +((+/C0LV2) = Q)/END3. 

C 9 3 WORDS*-' IV 2 ' 
do] NUMB*-COLV2,+/COLV2 
Cll] SUBOTSP 

[12] JvW?DS,CW 

[13] ->( (+/o?iy3)=o)/m)2 

[14] WORDS*-' £73 1 

[15] NUMB*-COLV3,+/COLV3 
[15 ] SUBOTSP 

[17] WORDS, CM 

[18] END2 -.WORDS*-' LTOT '■ 

[19] NUMB*-COLV ,+/ COLV 

[20] SUBOTSP 

[21] W DWORDS, CM 

[ 22 ] we 

[23] END 3:i0 

[24] WORDS*-' TOT ' 

[25] NUMB*-TOTPLLV,+/TOTPLLV 

[26] SUBOTSP 

[27] WINWORDS, CM 

[28] W1 

V 


OF m 

mmm fage is- poor 



V MBS PD ELI] 7 
7 MESPD 

Cl] C01*-LO . 5>1 . OGxCORM 
[2] C0S*-C0RDTE-C01 

C33 MEIN+( 1.0154xWJff)t( 0. 06*1. 015lxMV*LES*0 . 926 )-MEDEtT 
[4] AVGC+MEIR*QIEV 
t S3 VECT+SSREW 
C 6 3 5P3 

[73 COIMB+SUM ' 

[8] C02«- L 0 . S+COIM+'COIME 

r 93 C06+C0INVES-C02 
CIO] MEROP- *-23p0 
Cll] -(QREF=0)/ME1 
[123 AVGC+AMxRR ■ 

[13] VECT+SSREF 

[14] SP 2 

[15] MEROP+SUU 

[16] «ElsA/SWOP+2 3pO 

[17] +(QMTN*0)/ME2 

[18] AVGC+A M*MR 

[19] VECT+SSNTH 

[20] SP 2 

[21] MEMOP+SVM 

[22] ME2 :C03+-lQ.5+MER0P+MEM0P 

[23] COl+COOPERAT-COZ 

[24] C0H-C01+CO2+C03 

[25] C0Q+C05+C0&+C07 

[26] OVTME 
7 



4 - 20 . 


VOUTME [U3? 

7 OUT ME 
[lj Rl.NAME 
C 2 J DO, YEAR, LIAR 

r 3 3 i 0 

[4] lO 

C S3 FY1,FY2,FY3 
E6] 10 

[7] » FISCAL FUNDING ' 

[83 iO 

[9] • MISSION EQUIPMENT * 

[103 NUMB*C01,+/C01 

[11] SUBOTSP 

[123 VI, CM 

[133 NUMB*C02,+/C02 

[143 SUBOTSP 

[153 V2,CM 

[163 NUMB*C03,+/C03 

[17] SUBOTSP 

[183 W3.CM 

[193 NUMB*COH,+/COH 

[203 SUBOTSP ■ 

[213 WORDS*' MTOT * 

[223 WORDS, CM 
[233 tO 

[24] * SPACECRAFT « 

[25] NUMB*COS,+/COS 

[26] SUBOTSP 

[27] W1,CM 

[283 NVMB*C06,+/C0G 

[29] SUBOTSP 

[30] W2.CM 

[313 NUMB*C07 ,+/C01 
[32] SUBOTSP 
[333 W3,CM 

[34] NUMB*C0Q,+/C06 

[35] SUBOTSP 

[36] WORDS*' STOT ' 

[373 WORDS. CM 

[38] tO 

[39] V4 
[403 tO 
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[413 +((+/COLVl)= 0)/0 

[42] +((f/COLV2)=0)/OMl 

[43] J/6 

[44] +0M2 
[453 OMliWi 

[46] 0M2:\Q 

[47] 10 

[48] f/7 
V 
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5. SATELLITE SYSTEM OPTIMIZATION RISK, LOGISTICS, AND 
SYSTEM COMPUTER PROGRAM LISTING 


The listing for the Satellite System Optimization and Risk 
Assessment Computer Program is shown in this section in APL language. 

In order to correct an inconsistency in computing availability 
and expected numbers between the orbital service and ground-based 
service algorithms, extensive changes in the GNDSERV (page 5-6) and 
ORBSERV (page 5-8) programs were required. Namely, in one case, 
"total time" was defined as "program time; " in the other as "program 
time plus outage time. " Both algorithms now use the "program time" 
definition. 


The executive program (COMBINE) (page 5-3) has been changed 
to permit more computation than the original version permitted. 

Minor revisions in two initialization programs - NOM (page 5-7) 
and GO (page 5-6) - were required to accommodate added input data (e. g. , 
unit cost multiplier). 


5-1 



v<7jffrniv 
v cm 

m 'NOTE: ALL COSTS IN MILLIONS OF • % BASE YE AN; • DOLLARS,' 

T2] SP 4 5 ' LI p T C0ST*'\2 END CLmT+CEOS+COOSxNEEDTUG 
T3T SP 4 ; 'LAUNCH SUPPOPT COST- ' \ 2 END OP*,' PER. LAUNCH , * 
f4l SP 4; 'SAT. UNIT COST*' ;2 END UNIT 
m SP 4? 'RDTE*' i2 END CED 

r Pl SP 'UNIT COST OF AVERAGE MODULE * ' ; 2 END CSEU 

T7J SP Hi 'UNIT COST OF FOUIPMENT EFPUIEING SATELLITE RETURN TO GROUND *' i 

2 END CNEU 

r 8 1 SP 4 i 'REPAIR COST OF SINGLE TRUNCATION * ' ; 2 END UNITxCRTRUNC 

I’M SP Hi' REPAIR COST OF SINGLE MODULE*' ;2 END CSRUxCRSRU 

rim SP Hi 'COST OP SATELLITE REPAIR /REFUSE ON GROUND*' 1 2 END CNRUxCRNRU 
nm SP Hi' REPAIR /REFURB MULTIPLIER*' ;2 END CRM 
V 


5-2 



ATR- 74(7342)- 1 
Yol. Ill, Part 4 
Revision 1 


NCOMBINEl HI 7 

7 COMBINE i A LPSM BETA ; Z lA-.KiN -.PHOLD ; <? ; J ; L 
[11 0*1-P 

[2] AB2+WEIBFIT T.Cl.S] RNRI}4-(.*-LNRVxT)x(RSRU+A-(. l-*-TxLW)*G+l)*NNRl) 

[3] ALPHA+AB21A1 

[4] BBTA+AB2121 

[5] I+~1+\SRVMAX 

[6] •+L2* \ELAG-Q 
[71 CNDSERV SREO 

[8] ENRU+EN-i SREQ+ETR ) *RB 

[ 91 RNRU+XlxTHETA+ALPHAx ' *BETA 
[10] ORBSERV SREQ 
[111 CT+CPROG 1 SREO 

[121 'SER VI CABLE SATELLITE, NO ORBITAL SPARE,' 

C13] AV+AO 
[141 OUTPRT 

[151 Z+iALPHA+ABlAl) ,(BETA*-ABt2l) .AB+WEIBPIT T, [1,5] R+RNRU* ( l-( A-*-LWxT)*G-H 
)*M 

[ 1 5 1 -*-£lxt05P=0 

[171 ^L^xxSHORT-I ' 

[181 INERT 
[191 CIN 
[201 LK’.LI 1 

[211 ENRU+ENRU+ENRU* ( SREO+ 1 ) *SREO 
[221 ORBSERV SREQ+ 1 
[231 AV+A 1 

[241 'SERVTCABLE SATELLITE, 1 ORBITAL SPARE.' 

[251 CT+CPROG 1 SREQ+A 
[261 OUTPRT 
[271 LiiLI 1 

[281 L2j 'EXPENDABLE SATELLITE, NO ORBITAL SPARE. ' 

T 291 Z<-(.ALPRA+ABi:A"\),<.BETA+AB[21),AB+t/BIBFIT S', [1,5] P+fli7PI/x(l-(l-*-LVx2’)<rff+l 
)*M 

[30] Tfl-t-O 

[311 DUM+\0x+/{UNIT+UNITGR) ,(0P<-0PGR) , ( CRTh-CRDGR ) , ( CLIPT+GCLIPT ) , CLIPT1-*- 

GCLIFTA 

[32] CNDSERV SREO 

[33] 'availability is *$6 red av o 

[34] CT-t-EXP SREQ 
[351 TEST 1 

[36] -*£3x \0SP=0 

[371 GNDSERV SREl 3+1 

[381 'EXPENDABLE SATELLITE, 1 ORBITAL SPARE, ' 

[39] 'AVAILABILITY IS »}6 RND AVI 

[401 CT-EXP-SREO+A 

[411 TESTA 

[421 £3 iTR+TRHOLD 

[43] GNDSERV SREO 

[44] CT+CPR0G2 SREQ 

[45l 'RETRIEVABLE AND REF URBISHA RLE SATELLITE , NO ORBITAL SPARE, 

[46] 'AVAILABILITY IS » t 6 RND AVO 

[47] TESTA 
['481 -t-Oxi0SP=O 
[49] GNDSERV SPEQ+A 

-[50l 'RETRIEVABLE AND REFURBISWABLE SATELLITE, A ORBITAL SPARE.' 

[511 'AVAILABILITY IS * j6 RND AVA 
[521 CT+CPR0G2 SREO+A 
[531 TEST A 
7 
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rn 

r?i 

m 

run 

frl 

Tr,l 

r 7 l 


m 

rn 

rn 

r n 
rpl 
r 7 n 

rn 

roi 
rml 
ri i *i 


rn 

r n 

rn 

rn 

rn 

r*l 

rrr 

rn 


bepeoducbility OF the 


vnnrjT^ min 

<775 a , I n^/np_ 

t 


2 ppp cpz? • , 


V J*ICH IF 1 5? PTO 1 OOxCPZ^fC? 7 1 PC?. 


CP TOTAL. 




*>UX t+/ rJ 7 T / = 0 

<?P It ; r 77 T /T»9<7» ^ - t 

< 7 T> 4 . f 'PFA t J< ? 9 = • ; 

op u ; » >f A T 7im^ = t . 

f* 7 * 4; f OP, ’/<?:=* ’ 

+ 0 * 1 P=i 3 

op h . i C AT. FAT. 


;2 ffPP I*lV\7.i2 FW 1 00 x im/iCT ; ZZ 
2 P ,7 0 TP A &F n ; 2 PPP inOx?PylA r Pf OT\? t ? t 
2 P/ 7 P ZM 7 "?;Z ;2 PPp 1 nQx/MJ//?**?? jkk 
P^P PW irnxCP”?^C?nz 

* p - 9 s, i 2 p;;p iooxcsocs* 


c? 


;ZZ 


T 7 / 'PP 0 oir r rjn 
” C t i t +.nT>'BQr.* t c* 


-►r j x ipnyj t?tp = -j 

m i?/ v^r ^ pp > x c^r^x p«?pr/+ pppv + r 5 ? * 2 
■► 7 0 « 

ri . 'np^pcw ^-P5)xr <7xrr # 7-P?i ) + f C7 7**"* x P 7 /? r / ) + CLIFT* PPP '/ 
72 : r 'Pr*xC + /! 9 P) + ( 'Yyp 7 xPop 7 x<?P J 4 PP'fpo=a 

p pp ii fp op z/ 4 - p oj> 7 ; x pp ?/ P/j p y n op ;/x CP. C P 11 
ppp/f TPTimi+.vnpjjxr'mipjj'xrnpTt 

rr.n* *+r/ » r'Pxnxuv/pp 


"M pl^r’py} JPPPZ 7 +PPP/l fp/ypw 
r>P^o«-nPx?i 

p^/71 p 4 v ~+ / 74 y 7/ ? + r) p v 9 ppp + P 70 . 0 . 7 + TV V 


vr'npnr*) rn-|t 7 

t r^/ 7 pp<opo . 0**7 
— l ' ) < 

**71 x ipP4P TT =l 

" , *V!rVO«-f ^^P)x{? 77 pj*x (TWxRB 9 

**D 2 

71 nP/1 VO-t-f ZXC7ZP71 )+<7£JWxj?jP-?+^*0& 
7?:C p, 79^-pWxCP 
"4 r,7 ?«- r rp;./x j/p j? ) x pp-s* pp 
J 7 W // *r t n* x 5 + np b 

p? ? +fV?D+ p^y+MX/z^+OPPO+F/M pp+pp^pp 
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UOO^ 


j Tvstsiao 


17 ^77^/? ? I7 S' 7 V17 , 2 **\ /*; C^/7pP<7 ;/7'7 r P’P. 1 ?; £ ♦ 

r ii ) f ^ 1 1 ^yw-s-rc+i^io 

r 21 .^r nvrs+( * pc*m)kX ***l -R*?7)+v-&7*rPS+(i - r*p) * 1 -;? 

T31 <?7>pp^-i ) + C7i0p p .^ r 1 -^ ) x w 

r 4“l -VO 
*7 


rn 

r 2 1 
m 

f4l 


T7 


^^frcfniv 

r?R*-F*Mrnr 'nr.ff.f’. r t 

L+( -*p+i'-T J HRrixrc) Ifc 

"-*-1 T’**!PC+ppfiTr,nrr 

PVR*- < ( R-xR ) * 1 + ( pr>si r.OKxP=i)-P)x( 

*1 -P 


(H- r '*TM)xl-R*X)-LxTC*(l + UCxR*K+l)-(K+t)xRi'JO 


+0 


*7 


?^7r n .iv 

*7 V' + rp Tfr q 
r 1 "1 _ ,C7 x T 7 v m } J 

T7 


r n 


CT+RXP S‘, 7, 




x(*/?5)x(fS* 
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VGADSERV C03v 

V GADSERV S i Z i ViSIiriQiEl i GliZZiE2iG2i7IiTiM i AiB i APQ}L i M 
Tl] ZZ-*-t+/0x(C+l-P) ,SI**S 

C21 ZZ+\+/Ox(Z+H*RB*TH) ,(W*1-DxTB*ALPHAxZZ) t D*Z*TMx{BETAxZZ*\*BETA)*BETA*Z* 
BETA “1 

[3] A+po ,x(L*TR*TR)-SIxl-TSR*TR PR S 

[4 3 B*Qo .x(M*TB*Tff)-SIxl-TSB*TB *A S 

[53 Xl*7,+APO*A+B 

[53 AVn+l-SxWxXl*l+Xl 

[73 ETR*TRUACS 

[83 RBA*RB 

[43 EA - <-( *RB)xETR+S+EP+$xTK}xPiTRxl+Xl 

[m 3 j?5*-i 

[113 ERPG*EA-( *RB)xETR+S+E v 'l-*-SxTMxW*Tffxi+Xl+(H*RBxTn)+APQ 

[123 RB+RBA 

[133 +0+\S=l 

[143 YI**X*(V*S-1)*S 

Cm3 Rl-*-Pxl+{VxTVR-*-TR FA S)-SxTR PA V 

[163 R2*Oxi-t-(VxTVB*TB PA S)-SxTB FA V 

[173 '71-*-Px£+(rxl-J'7P)-TJxi-J’ff PN v 

[103 G2*QxM+( X x\-TVB)-7Ix\-tb FA V 

[193 X3*(TAD+TH)+Gl+G2+(.Zxl+Ri+R2 )- ( * V)xl~*~VxZ 

[20 3 ETR*TRUACS 

[213 4 T /mi-5xr/xJT3*l+Z3 

[223 EA 1 *( *RB)xETR+S+EF2*SxTMxMTHxl+X3 

[233 RB*1 

[243 2T3'*-(2Mff*2V?)+Cl+r72+(Zxl+pl + J?2 )-{iV)xi—k~VxZ*R*RB*IR 

[253 SR v Gl*EAl-(*RB)xETR+S+EF3*SxTMxWiTHxl+X3 
[263 RB*RBA 

7 


•7ffOE037 
7 GO V 

[13 nV*HAW*RRRU*R 

[23 T - ► ( DTIAT*TM* A I AT ) x t A I AT 

[33 M*ASRU 

[43 G«-7[133 

[53 LRW*LAM*ACx(i 

[63 LW+LAPPACxLSRU 

[73 LARU*L AMP A CxLARU 

[83 K* SR AM AX 

[43 DETAIL*!) 

[103 CT?P*7ri3 

m 3 OP*Vt 23 

[123 TJAIT*UAITVF.CxV [33 

[13 3 CPP/iff-<-7r43 

[143 OPGR*Vl 53 

[153 AAITGR*URITVFCxVt 6 3 

[161 CLIFT*VC 71 

[173 CLIPTl-VZ 03 

[18 3 FCLIFT*VT 91 

[143 GCLIPTl*vriOl 

T2.nl *LlxiSRARE=l 

[211 CLIFT 1 *CCLI FT 1*9 , SxCLIPT*GCLIFT *12 . 78 

[221 LliPLAn-Vllll 

[231 B4.7ff-<-7[l23 

[24 3 CR$PU*CRTRUAC*CRRRU*CRM 

[253 CAR A* U A IT ' 

[263 COMBI AE 
[773 AOM 
7 
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rn 

T21 

T3T 

rm 


vjMoprcnv- 

V Z+TLOOP KilSTOPtTtJ 
ISTOP+npKl 
Z+ii+r+'i 

LI ; Z+7. , + / (./ !N-I) x ( 2*J ) i ( I+I+.T ) • »f// + + /T _ f J+1 


wjP3i[ni7 , 

V TT+IVT \A%J \X.',N' t Kfl }Z 

r 3 1 (yt-L *w*iv ) +fl+n*-Mx ,<? 

r2i -*•(«= t 2)/r,i ,i2 

rsT +0 ,II+*P*LNl'+LP 

T4l r,l:+n,jr+( zL x >)*( 2*r)*( J{ff)v(pw-X)xri.f.v 
rc 1 L? : I r *-( 1*J)x( JJff)x(*;;Wxvj7_7)xiT I 0flp r 

T7 


VLjfniTT 
<7 LT <? 

r 1 1 1 f ,«7<30 ) 

r^i 30 i p » 1 

r 3 n ~+-o 

T4l (5,l)p* ■ 


jsssfV*® 




0^ 



7.V0W[Q]V 

V- 

7lf0v 

[11 

Jf m 77 y ?<>£4 «P4 c-*-l 

t 2 ] 

LNRU+LHOLD 

[31 

LNW+LM-/HOLV 

[41 

LF+LVHOin 

[sl 

CrP'+CWROLD 

rei 

TA 7-f-o 

[71 

n+2 

m 

RB+REORxRINF 

rql 

+nx xflERDTU^-O 

Ciol 

RB+PRxROOR 

[ill 

R+SBEQ 

ri 2 l 

TR+TRHOr,D 


7 
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mpssppFtni? 

V ORBSKFV SiALPXA;BBrAinSiABiT0iRSA0iZ;pmfIiPr/I { PNWiPWtMl;M2lM3 
1 1] TFOM+T 
[23 

[S3 AB+(4lV) 9 l + lV~l() 

[43 *L2 

r S3 LI zAB+WF.lBFIT S\[l,53 FSACALC T 
[63 L2tALPXA+AJttll 
[7 3 M?A+ABt2l 

t 8 3 AVJ+i 1 +H *T RET A+ ALPHA* 1 4BETA 

C9 3 ABt+VEZBFlT Tptl.53 RSM+l-(l-*-T*LV)*G+l 

rial 

[111 **£3xi£*o 

[ 12 ] *T+S+XtrRU+ESRU+(M-*S)xAVJlxLV*TZp , n 
T133 +1* 

[143 L 3 :RSAd+FSACALC t T0+ALPRA*(.4BXTAx*4BETA )**BBTA-1 

[15 3 BT+S+ ERR V+ESFU+A VJ 1 * { - ®PS.4 a) ♦ { 7W- 2*0 > 47 RET A* A LPRA x 1 4 BET A 

[163 L*iEl+RT4ER?+ETx~l+4Rfi 

T 1 7 3 EW+ZSRVx PWf+1 1 4 / PR WI+L ff J/x 7,+ IN T 

r 1 8 3 2W«-TO?ffx Pfi*-1 1 + /PVI+I* J&fiTx 3 

[19 3 PV PSP Z/x 1 -PAT ?/+ Ptf 

[203 +z;5*ic*o 

[2il sj? + < 4PT -s ) * ? pp tr^i^z/Arc 

[223 6 

T23 3 C5J5RtfJ5i4P*(<l-4Wx5>x(+/JxpWJ)+( + /JvPRrj)+P^( ( >J)xl-P^PPFH(4^^}xirPBytP 

[241 £fiMo^i-a73»l^C+ITW)x(mvxP^1^3 + (PiffPi7v^ffpt/) + {»i?p)y(^f/y£VHfffl f PxF^ 
f2S3 ^L 1 ?* i(?5P=0 •' 

[26 3 5 45 * '■ .*■ 

[271 -»£9*iS = l ' * 

[28 3 ^\+/0«(A4-r Pff £) p <B^(!M7? t irp> PR Sl'> t (VI+4V+$4$l+$-\') p TR+4L?fRU 

[29 3 F?+l + (Pl*y$ )-Sx£ 

[30 3 4T+T+(VTxTRx±~A)-V*T!?xl~B 

[313 Af2-*-(Px<7P[11)+.(^^[23) + C<l + (PxPrCl3) + ((^i-P)xpPC23) >xj?P5)-(rff451)xi-( 

RFB+H4FB) FN $ 1 
[321 +L7x\Cr*Q 

[33] M3+(G ,.XxRF'>*t-*-RWxS«LI7RV+LWxM 

[34] +LB 

[353 LI tW3^( 0, 5x?y.)xi.{ *-LRRUxRV)*FSACALC , RV 
[3^3 LZiAl+l-0Ur2+(4m)x(EHPVxMl+M2'>4(EF4ElW)xm+M3 
[371 LRtT+TFOLD 

7 


towii]” 

* PPP xi 

Cl 3' x?+<\ n.«+ysxi. o* w )*io*p 

fJ> 1 . * P J*^ TO? PZWF 5 F 0* VT’cn'AL PIACW TO B* XRp7 7 

V 


VFSACALCtniV 

7 fjPl ;^l;P0iPI 

[ 1 1 M )+Wh(P+1 )xRlx(Ql+l~FU-*-LtrxT)+G 

[23 PS4~< *-&x^xr,pj7x7)x + /C ('(pf > ppJlpf I*Wxtf) )x(Rn° .*(M*S)~I)xRW* .*j 

r 7 1 40 

7 
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vsprnnv 

7 DW-h-S 73 77 
r 1 n ->4*a (£<65:)* 
Z2l DUM+&50' * 

m 
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6. NASA SPACE TRACKING AND DATA NETWORK (STDN) 


• * NASA facilities for tracking, command, and data acquisition for 
satellites were developed for three general classes of missions: deep space, 
manned space flight, and unmanned satellites. The. earth station facilities 
for these missions have been termed the Deep Space Network (DSN), .the 
Manned Space Flight Network (MSFN), and the Space Tracking and Data 
Acquisition Network (STADAN). An integrated NASA communication system 
(NASCOM) links these earth stations to each other and to control centers. 

The STDN is a combination of MSFN and STADAN intended to con- 
solidate the two systems and to provide spacecraft support using fewer - 
earth stations than the parent networks. 

STDN facilities and characteristics are summarized herein. These 
facilities and characteristics have been selected on the basis of more than a 
decade of operating experience and a thorough study (Ref. 6-1) of the support 
requirements for missions in the latter 1970's and the .alternative configura- 
tions of earth stations to satisfy these requirements. The configuration 
described in this section is the preferred alternative of those studied and 
represents the most probable form of the consolidated earth station network 
for manned and unmanned satellites in the' late 1970's. 

The introduction of a Tracking and Data Relay Satellite (TDRS) in 
the 1979 time frame should result in fewer earth stations being required to 
support missions similar to those projected by NASA from 197-3 to 1978. 
While requirements will change somewhat for the 1980 's, the capabilities 
of the STDN as outlined here are assumed to carry through into the 1980's 
for purposes of BRAVO analysis for future missions. 

Current STDN system capabilities and equipment are summarized 
in Table 6-1 for easy reference. The table lists the characteristics of the 
15 primary STDN sites shown in -Figure 6-1 as well as five special purpose 
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Table 6-1. System Capabilities and Equipment Chart 
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Footnotes on next page. 
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Table 6-1^ System Capabilities and Equipment Chart (Cont'd) 


ttc(3> 2 


2 1 40* 

SATAN 
2 T 30* 

30’ 


MULTIBAND, 

VHF 


ATS. 

nosi 4 -6) 


3 85 '(5) 

SATAN 
15* 


ATS t 

mit( 4 - 6 > 


Notes; 

(1) Launch Support Sites 

(2) Space Diversity SATAN Antennas 
<3) Special Purpose Sites 

(4) ATS Dedicated Sites 

(5) ROS 85-2 Dish Shared with ATS 
{G) ATS Frequency Bands: 


Bands 

Receive 

Command 

VHF 

136-133 MHz 

117-157 MHZ I 

UHF 

835-855 MHz, 

_ 

L 

1 500-15 30 - Mili 

1620-1700 MHz 

s 

2050- 2100 MHz 

2200-2300 MHz 

c 

3700-4200 MHz 

5952-6425 MHz 



1-C 

VHF 

2- VHF 

S£L 

1-SLL 

C 

1-C 

VHF 

2- VHF 

S&L 

1-S£L 

C 

S&L 

1-C 
1-Si L 


(12) Multihand Recede: 

135-138 MH z 
400-410 MHz 
1700-1710 MHz 
2200-2300 MHz 
2550-2610 MHz* 7 ) 
2600-2700 MHz^ 7 ) 


(7| Not fully implemented 

(8) ATS antennas not included . * **‘ 

(9) Two SATANs are required for a space -diversity capability 

(10) These SATAN/YAG1 Arrays satisfy the requirement for a SATAN telemetry 
system at these locations. 









































sites: the Engineering Training Center (ETC), Greenbelt, Maryland, and 

four dedicated stations for the Application Technology Satellites .(ATS), 
three of them collocated with other stations. 

Table 6-1 lists for each site the number of receive and command 
links; the telemetry antennas, frequency, -number of multifunction receivers 
(MFR), and data systems; the command antennas, frequency, number and 
frequency of transmitters, and number of spacecraft command encoders 
(SCE); and the tracking antennas and frequency. Abbreviations for earth 
stations and equipments listed in Table 6-1 are shown in Table 6-2. 

Table 6-3 summarizes the requirements for NASCOM channels 
for each .of the 15 primary' STDN sites. The first ten sites listed should 
have wideband facilities while the remaining five stations can use narrow 
hand facilities. However, narrow band facilities are listed as alternative 
solutions to wideband facilities for five stations where requirements might 
be satisfied by additional equipment for data stripping or data compression 
to reduce high rate real-time spacecraft data to fit onto 7.2 kbps lines. 
Regardless of the specific solution chosen in each case, the communications 
requirements listed for each site provide a good measure of the capabilities 
of the late 1970 's. 
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.Table 6-2. Abbreviations Used. in Table 6-1 


SITES 

AGO 
ATS . 

ACN 

BDA 

BUR 

CYI 

ETC 

GDS 

GWM 

HAW 

MAD 

MIL 

ORR 

QUI 

ROS 

TAN 

ULA 


Santiago, Chile 

Applications Technology Satellite(s) - dedicated 
earth stations or equipment 
Ascension Island 
Bermuda 

Johannesburg, S. Africa 
Grand Canary Island 

Engineering Training Center, Greenbelt, Maryland: • 

Goldstone, California 

Guam 

Hawaii 

Madrid, Spain 
Merritt Island, Florida 
Orroral Valley, Australia 
Quito, Ecuador 
Rosman, N. Carolina 
Tananarive, Malagasy Republic 
Fairbanks, Alaska 


EQUIPMENT 
SATAN 
SCAMP 
SATAN /YAGI 

MINITRACK 
ST AD AC 

Augm. 624B 


MFR 

SCE 


136 Mhz receive; 148 Mhz transmit command. 

148 Mhz transmit command . * 

136 Mhz receive-only array with capabilities of 
SATAN receive system 

136 Mhz angle tracking system 

Station Data Acquisition Control System (multi- 
plexing formatting and real-time data transmission 
to Goddard Space Flight Center) 

Real-time data transmission system using 624B 
computer, augmented to provide STADAC- 
compatible data transmission formats and 
- functions plus storage to increase data buffering 

Multifunction receiver 

Spacecraft command' encoder 
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Table 6-3. STDN Requirements for NASCOM Channels 


Wideband Solution 


Narrowband Solution 


WE Data Channel 


MIL 2-50.0 kbps or 

higher 

ROS Present systems: 
i-$00 kHz analog 
1-12 SkHs analog 
1-240 kbps digital 

CYt Lr28. 5 kbps or 
higher 

ACN 1-28. 5 kbps or 

higher 

HAW 1-28-5 kbps or 
higher 

CDS 1-28.5 kbps or 
highe r 

ORR 1-23. 5 kbps or 
highe r 

MAD 1-28.5 kbps or 
higher 


Quantity* 

Narrowband Channels 


7.2 kbp3 


Quantity 


TTY ] 7.2 kbps 



ULA 1-38.0 kbps or 
higher 

1-28. 5 'kbps or 
higher 


QWM 1-28. 5 kbps or l 3 * 3 

higher (1) 1 - I (2) 1 1 

WB = Wideband 

7,2 kbps = Voice bandwidth data channel 
| V s Voice channel 

I TTY = Teletype channel 

a Quantities shown in parentheses are provided separately from the wideband 
or group (48 kHz) channel system; other quantities shown are provided as a 
sub- channelization of the wideband group (48 kHz) channel. 
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7. THE INTELSAT COMMUNICATIONS NETWORK 


The Intelsat {International Telecommunications Satellite ^Consortium) 

* * t » t % , * 

Network provides high quality communications by satellite throughout most 
of the world, primarily among nations outside the Communist bloc. The 
system has grown rapidly since the first commercial operations in 1965. In 
1974, 71 earth stations using 88 antennas will be operating, based on 1971 
planning as shown in Figure 7-1. A further growth in the number of earth 
stations is anticipated, but at a much lower rate. The bulk of the increase 
A in traffic, which is expected to grow at 15 to 20 percent per year; will be 
accommodated by augmenting the capacity of existing earth stations which 
are located to serve the principal traffic demands. The current Intelsat IV 
satellites have a capacity of about 5000 voice circuits or 12 television channels 
in each of the five primary- satellites. Two additional satellites are .in orbit 
to provide backup capacity in the event of degraded service or failure of 
primary satellites. It is planned that future generations of Intelsat satellites 
will have higher capacity to match the traffic growth.' 

The Intelsat system provides service primarily to telecommunications 
common carriers rather than directly to users since the Intelsat system 
usually interfaces. the terrestrial network at the satellite earth stations. 

Rates charged to users by common carriers reflect the composite of costs 
to provide service, including switching and other distribution costs, and costs 
of alternative terrestrial transmission systems. 

Table 7-1 lists the' Intelsat system earth stations in existence or 
planned as of ••1971 .with their prdjected 1982 demand In terms of voice 
channels. The list provides system planners with approximate locations 
where the Intelsat system would be available to provide high quality, reliable, 
voice and wideband data communications service. 


7-1 




SOURCES: COMSAT ANNUAL REPORT, 
1971, AND COMSAT ANNUAL 
REPORT TO THE PRESIDENT 
AND THE CONGRESS, 

MAY 31, 1971 


Figure 7-1. Planned Growth of Intelsat System 


7-2 



Table 7-1. Intelsat Earth Stations and Projected 1982 Traffic Demand 


Station Locations 

No. of' 

Voice Channels 

Station Locations 

. No. of 
Voice Channels 


North America 


Africa 



U. S., Maine, Andover ^ \ 

8000 

Ethiopia 

<100 


U.S. , W. Va, Etam^ / 

Sudan, Khartoum 

100 


‘ Canada, N. S. , Mill Village 

1300 

Algeria 

<100 




Morocco 

125 


Europe 


Ivory Coast 

150 




Nigera 

125 


U.K. , Goonhilly Downs 
Germany, Raisting 3 

2800 

Senegal 

<100 


1050 

Congo 

<100 


France, Pieumeur Bodou 

1300 

Camaroon , 

* 100 


Belgium, Brussels 

375 

Gabon 

<100 

c 

ta 

Netherlands 

Nordtc 

300 

275 

Malagasy Rep. 

<100 

CQ 

Switzerland 

450 

Caribbean, Central and 


o 

Italy, Fucino 3 

1150 

South America 

* 

*1 

Spain, Buitrago 3 

675 



£5 

rt 

Spain, Grand Canary s 

„ <100 

Ascension 

<100 


Greece . 

275 

Barbados 

250 


Yugoslavia 

<100 

T rinidad / Tobago 

250 




Martinique 

125 


Near East 


Jamaica 

500 




Puerto Rico, Cayey 

1000. * 


Turkey, Ankara 

<100 

Mexico 

425 


Iran 

150 

Panama 

275 


Is rael 

1150 

Venezuela 

275 


Kuwait 3 

<100 

Colombia 

250 


Saudi Arabia 

<100 

Peru 

375 




Brazil 

550 ' 




.Argentina 

375 




Chile 

325 


North America 


Asia and Australia 



U.S., Calif., Jamesburg 3 1 

5800 

Japan 3 

1730 

j- 

U.S., Wash., Brew8ter5> ) 

Korea * 

320 

<n 

<4 

Canada, B.C., Lake 


China, Rep. of* 5 

575 

CQ 

Cowichan 

200 

Phillipines 3 

700 

o 

U.S., Alaska., Ta lkc etna 

500 

Viet Nam 
Thailand 3 

400 




460 

V 

ti 

Oceania 


Singapore 3 

<100 

Of 



Australia, Moree 

1050 


U.S., Hawaii, Paumalu 

3400 

Australia, Carnarvon 

100 


U.S., Guam, FuLm tat 

450 




S.E. Asia and Australia 


Near. East 



Australia, Ceduna 

1300 

Kuwait 3 

200 


China. Rep. of 3 
Japan 3 

<100 

Bahrain 

-200 


325 

Saudi Arabia 3 
Iran 3 

<100 

C 

Philippines 3 

<100 

<100 


Hong Kong 
Singapore^ 

325 

Lebanon 

125 

ffl! 

325 



cJ ' 

Malasta 

Thailand 3 

150 

Africa 


ri 

o 

<100 



U 

O 

Indonesia 

225 

Kenya 

375 




Zambia 

<100 

rd 

India Area 


Nigeria 3 

<100 

1 

Ceylon 

<100 

Europe 



India, Dehradun \ 

India, Arvi / 

425 

* UK, Goonhilly Downs 3 

1800 


Pakistan 

1100 

Germany, Raistmg^ 
Spam, Buitrago 3 
Italy, Fucino* 

125 




150 

J 



150 


1 Traffic demand estimated in equivalent number of 4 kHz one-way voice channels. 
^Either Etam or Andover capable of handling the total U.S. -Atlantic Basin traffic. 
^Communicates with satellites in more than one ocean basin. 

4 

Serves Norway, Sweden, Finland, Denmark. 

^Either Jamesburg or Brewster capable of handling all U.S,- West^Coast traffic to 
other parts of the Pacific Basin. - ** *' - 


ROTODUCjBHiOT' OF THE 
bteM- PAffiJJB POOR 




The 1982 {selected to show demand a decade into- the future) traffic 
demand for these earth stations, in terms of equivalent voice channels, 
has been estimated based primarily on traffic estimates and growth rates 
from Comsat Corporation (the operating agency for Intelsat), AT&T, and 
the Federal Communications Commission, assuming a 15 percent annual 
growth rate.' Demand for other years can be calculated by using the 15 
percent growth rate, i.e., traffic doubles in five years. Where a prospec- 
tive system requires voice or low speed data channels adding up to a small 
fraction of a particular earth station's normal load, service can be expected 
to be available. However, requirements for a large fraction of capacity, 
particularly high speed data links, may require special arrangements and 
additional equipment, particularly in the less industrialized countries. 
Stations with fewer than 100 voice channels should be -assumed to provide 
only a few voice channels to any proposed system use. 
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8. TELECOMMUNICATION SYSTEMS LEASE COSTS 


- This section presents data on lease costs to provide a basis for 
comparing the cost of communications using prospective satellite systems 
with the cost to provide the same communication services using' leased lines 
in the terrestrial communication network for voice and data transmission. 
These costs are representative of communications costs for the areas of the 
world with developed communication systems and were taken from Reference 
8-1. All costs have been adjusted to 1973 dollars, from 1969 dollars in the . 
data source using the Bureau of Labor Statistics wholesale price index for 
all commodities to adjust for' inflation and using a four percent per year 
declining trend (constant dollars) in communications costs. Commodity 
indices for 1969 and 1973 were 106.5 and 130.7, respectively. 

Annual costs in 1973 dollars are shown in Table 8-1 for U.S. 
domestic leased voice circuits at several distances which are the break 
points in the rate charged per mile. Figure 8-1 shows the 1973 annual 
costs per circuit from Table *8-1 as a function of distances in kilometers. 

For convenience in calculations, the actual cost variation has been approxi- 
mated in the range up to 804 kilometers (500 miles) by two straight lines. 

Transoceanic leased voice circuit costs in 1973 dollars are shown 
in Table 8-2 together with the corresponding distances. The basic, data, 
in cost per channel per month, have been restated in terms of costs per 
-circuit (two channels per circuit) per year in addition to being adjusted to 
1973 dollar costs. These costs are composite costs of the communications 
media used, essentially satellite and submarine telephone cables, established 
by international agreements. The user has no control over the medium 
used by the carrier to provide service and no distinction in rates is made 
relating to the medium actually used. Thus, comparisons using these data 
would be between the costs of prospective space systems* and the costs of 
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.Table 8-1. Lease Costs, U.S. Domestic* Voice Circuits 


DISTANCE . 

COST/MONTH 1 

COST /YEAR 

(mi) 

(km) 

(1969 Dollars) 

(1973 Dollars) 

25 

40 

82. 5 

1,032 

100 

161 

255.75 

3, 198 

250 

402 

503.25’ 

6,293 

500 

804 

792.00 

9, 903 

1500 

_ 2414 

1617.00 

20, 219 


Duplex (two-way circuits) costs shown here are 10 percent 
greater than costs per channel (one way or "simplex"), per 
FCC tariffs. 
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Table 8-2. Lease Costs, ' Transoceanic Voice Circuits 


F rom 

To • 

Cost/ channel 
per Month 
($1969) 

Approx, distance 
(km) 1 

Cost/circuit 
per Year 
$1000, 1973 

Actual 

Shortest 

Japan 

Philippines 

16, 582 



380 

Japan 

Guam 

10, 987 

2670 


264 

Hawaii 

Japan 

16, 506 

6270 


396 

Hawaii 

Philippines 

15, 120 

8620 


363 

' Hawaii 

California 

8, 064 

4020 


194 

Hawaii 

Colorado 

8, 064 

5460, 


194 

Hawaii 

Pennsylvania 

8,064 

7820 


194 

California 

Guam 

16, 128 

96*50 


387 

Nebraska 

Okinawa 

i * 

21, 571 

11400 

i 

9170 

518 

Nebraska 

Puerto Rico 

5, 040 

3940 

! 

12.1 

‘Nebraska 

Spain 

11, 945 

7400 

5550 

287 

N. Dakota^ 

Bermuda ’ -v 

6, 048 . 

3540 


145 

Georgia 

Puerto Rico * 

5, 040 

2570 


121 

Virginia 

Panama . * 

7, 812 

3280 

1930 

187 

Virginia _ 

Bermuda 

6, 048 

1380 


145 

* Virginia 

Paris 

12, 933 

6300 

5550 

310 

Virginia 

Sfuttgart 

12,627 

6780 

- 5950 

303 

Maryland < 

United Kingdom 

13, 392 

5950 

5310 

321 

N. Jersey 

Spain 

11, 945 ' 

5870 ■ 


287 

Florida 

Bahamas 

2, 520 -- 

322 


60 

Florida 

.Puerto Rico * , 

5, 040 

1800 


121 

Florida 

^Cuba 

* 1, 008 

481 

- 

24-- 

Florida 

Jamaica 

5, 976 

1010 


143 

Panama 

Uruguay 

11, 592 

5620 


278 


^Shortest foreign-U. S. distance. -Great circle distance from foreign 
point to nearest major U. S. city. 
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leasing from the established common carrier network, rather than costs of 
leasing service from terrestrial systems exclusively/ The cost data have 
been plotted in Figure 8-2 as a function of distance, using two straight- 
line curves fitted by inspection to represent the cost /distance relationship. 
Substantial Variation about'the curves is evident, reflecting the variability 
of factors which bear on the inte rnational agreements. 'For purposes of 
projecting costs into the future, the cost/distance curves are preferable 
to a matrix of costs for each pair of countries, or areas within countries. 

The curves can be projected with more certainty than-the individual link 
costs. , * . 

Costs for transoceanic links to and from the contiguous United 
States are related to the great circle distance between the foreign end of 
. the link and the nearest major city in the U.S. rather than to the nominal 
point within the U.S. Thus, the actual transoceanic rate is the same re- 
gardless of the location within the U.S. and the curves of Figure 8-2 will 
provide the correct v costs when distances are measured in the proper manner. 

Table 8-3 shows interexchange lease costs for 500 kilometers for 
voice circuits in foreign countries. The sample includes, primarily European 
countries but rates for other foreign countries in the non-Communist part 
of the world generally falFwithin the. range of variation of costs shown in 
the table. These costs tend to vary directly with distance. For some of 
the countries shown, " rates are a constant amount per kilometer while, for 
others, the cost per kilometer declines somewhat with increasing distance. 
Use of the average value of $29.00 per year per kilometer per circuit for 
estimating costs appears to offer ‘the best compromise between simplicity 
of calculations and accuracy of. results. 

T_aJ>le 8-4. lfsts international voice circuit lease costs: among 
European voice circuits. The same value may be assumed for projections 
of costs for other foreign areas on the basis that the technology used is 
similar throughout the world and most countries- have an interest in 
promoting good communications: 
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ANNUAL COST, $1000s/yr 



0 . 2000 4000 6000 8000 10,000 .12,000 ' 


DISTANCE, km (D) 

Figure 8-2. Leased Duplex Voice Costs, Transoceanic, 1973 Dollars 



Table 8-3. Lease Costs, Interexchange Voice Circuits, Foreign 


Country 

Cost Per Month 
@ 500 km (311 mi) 
($1969) 

- Belgium 

$ 1.400 

Denmark 

550 

France 

1350 

W . Germany 

2250 

Greece 

1600. ■ 

Italy 

• 1410 

Norway 

775 

. Portugal 

1100 . 

Turkey 

1280 

United Kingdom 

600 

Australia 

1317 

Japan 

840' 

Philippines 

600 . 

Average 

$ 1159,. 


Average costrper kilometer (1969 dollars) 

“ / ) 
Average cost per kilometer (1973 dollars) 

or 

or 


= $27. .82 per year, per km 


$ 29. *00 per year, per km 


= $ 2.42 per month, per km 
= $ 3. 89 per month, per mile 
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Table 8-4. Lease Costs, International Voice Circuit, Europe 


F rom* 

To 

Cost 

Per Month 

Distance 

(km) 

Annual 
Cost/km 
(1969 $) 

London 

• Oslo 

3026 . 

1205 

- 30.1 

London 

Copenhagen 

3035 

977 

37. 3 

London 

Belgium 

1820 

367 

59.5 

London 

F rankfurt 

2637 

660 - 

47.9 " 

London 

Greece 

8886 

2389 

. 44,6 

London 

Paris . 

1851 

367 .. 

- -60.5 

London 

N. Italy 

3271 

1046 

37. 5 

London 

Lisbon 

6795 

• 1-564 

52. 1 •' 

Oslo 

Belgium 

4639 

1255 

• 44.4 

Oslo 

Copenhagen 

1209 

595 . 

24.4 

Oslo 

; Paris % 

5685 

■ 1385 

49.3 

Oslo 

LF rankfurt 

3267 

1368 

28.,7 

Copenhagen 

, F rankfurt 

2385 

692 

41.4 

Copenhagen 

Belgium 

3528 

1 772 . 

54.8 

Paris 

Lisbon 

5489 

1403 ; 

46.9 

Paris 

Ankara 

8073 

2735 

35.4 . 

Paris 

N. Italy 

2874 

692 

49.8 

Paris 

S. Italy 

4181 

1384 

36.3 

Italy 

Ankara 

8429 

.1850 

54.7 

Italy 

Greece 

4704 

965 

58.5 

Average 

44.70 


Average cost per circuit (1969 dollars) 
Average cost per circuit (1973 dollars) 

or 

or 


- $44.70 per year, per km 


$46.58 per year, per km 


$ 3. 88 per month, per km 
$ 6.25 per month, per mile 
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The cost trend of a three -minute public telephone call of 500, 

1000, and 2000 miles in the United States is shown in Figure 8-3. Data 
for the period from 1919 to 1972 are shown in current (current at the time, 
or actual) dollars* The costs for the latter part of this period, 1959 to 
1972, have been stated in constant 1972 dollars, using the Bureau of Labor 
Statistics wholesale price index fox all commodities, and have been ex- 
trapolated to 1995. * f 

The average rate of decrease of four percent per year for a 1000- 
mile call, as shown in the figure, has be'en selected as an indicator of 
long-haul communications cost trends for projecting costs of communications, 
both U.S. and foreign, from the currently prevailing costs. The* decline 
in costs reflects the interaction between growth in the demand for com- 
munications and decreasing cost per call due to advances in communications 
technology and the economies of scale and heavier traffic. This interaction 
and the effect on cost can be expected to be similar throughout the world. 
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Figure 8-3. Cost Trend, Public Telephone Cost of Station-Station 
Day Call, First Three Minutes, U.S. 
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9. LINE-OF-SIGHT MICROWAVE RELAY 
COMMUNICATIONS SYSTEM COSTS 

Line-of- sight microwave relay trunk lines are the least expensive 
longer-haul terrestrial communications medium under most circumstances. 
These trunks make up the bulk of the AT&T Long Lines Department network 
in the contiguous United States (along with aerial or buried telephone cables). 
■Special purpose carriers also have assumed the use of microwave relay 
systems for inter-city and national voice /data transmission in proposals for 
systems to service special segments of the communications market, e.g., 
airline operations data, or business voice and digital .data communications. 

Where terrestrial transmission costs are required for dedicated, 
communications facilities of systems in the planning stages, microwave 
relay costs can be used as representative of costs for communications 
systems which might actually include other media such as aerial or buried 
cable or high-frequency radio. Even where a detailed system design might 
show other media to be preferable, costs for such media are not so different 
and the likelihood of their being selected is not so great as to disturb overall 

communications costs significantly. 

In order to provide some insight into the cost relationships for 
microwave relay systems, the characteristics and costs of a domestic U. S. 
system proposed by the Data Transmission Company (Datran) subsidiary of 
University Computing Company -a-re given below and analyzed using data 
from additional sources. From the data and analysis, costs and cost 
relationships are developed which areoiseful in estimating costs of micro- 
wave relay systems with different configurations. 

9. 1 THE DATRAN SYSTEM 

The system proposed to the Federal Communications Commission 
by Datran would connect 35 cities using a single trunk microwave relay line 



and spur lines* as shown in Figure 9- 1 • Trunk lines and spur line relays 
would transmit digital data -at carrier frequencies in the 4-6 GHz .band. 

Relays would be spaced at approximately 30-milfe (48 km) intervals.. Dis- 
tribution at traffic centers, shown in Figure - 9-2, would use 11 GHz micro- 
wave relays spaced at five miles (8 km)i and subscribers would be connected 
to the distribution microwave relays by cable. Message switching, would be 
accomplished at ten District Offices located in fen of the 35 traffic centers; $ 
a single Regional Office would switch messages among the ten District 
Offices. Message switching would require no more than three seconds, 
to establish a connection. Availability was estimated to be 99. 98 percent. 
P.01 (probability of less than one percent of not getting a circuit) service . 
would be provided during the busy hours. The system is designed to ensure 

an error probability of less than 10 ♦ 

-Time division multiplexing (TDM) would be used -with phase shift 
keying (PSK) to allow simultaneous broadcast by up to six compatible sub? 
sc Tiber's. Channel sampling at 20 kilobits per 'second (kbps) would be used . 
for order wire voice-. Initially, data rates up to 2 kbps would be available 
in the asynchronous mode and up to 14.4 kbps' in synchronous mode. Higher 
rate's,- 19.2-48.0 kbps, would be offered later as the market required. 
Changes in capacity would be accomplished by changing channel equipment 
modules- * - - 

Maintenance would be simplified by the modular design of equipment, 
designed ‘for field replacement of malfunctioning modules. Transportable 
spare stations and modules would be used to patch around catastrophic 
failures. One maintenance crew, consisting of seven persons, would be 

responsible for 10 microwave stations. 

Investment costs for the system over the six years of system 
installation are shown in Table 9-1. Of the $349M total costs shown, 
transmission and switching account for $179M, and local distribution $161M. 
Not shown is $69M in facilities, which would probably be customer-owned. 
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Figure 9-1. Datran Microwave Relay System 
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Figure 9-2. Datran Microwave Relay System Configuration 







Table 9-1. ' Datran Microwave Relay System Investment Cost ($M) 



Year 

* 

1 

2 

3 

4 

5 

6 

I oral 


■ 

86. 1 

n 

0 

0 


■ 

Dist. Office 
Switching 

1.5 

1 9.5 

T7.2 

21.0 

D 

0?^) 

60. .0 

Regional 

Office 

Switching 

0 

0 

0 

,1.4- 

' 3.7 

0 


Local 

Dis.trib. 

0 

0 

m 

62.8 

56.2 

20.5 

■ 

Vehicles 

0 

■ 0.4 

■ 0.5 ’ 

■ 0.5‘ 

: 0.4 

0.5 

2. 3 

Other 

0 

4.2 

n 

■ 0 

0 

0 

6.3 

Total 

3.0 

100.2 

68.0 

85.7 

■ 

ES 



^Approximately 70 percent of total local distribution costs. 
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The following charge rates for switched message service were 


proposed:' 


D ata Rate (kbps) 


Cost, £ /min 


0. 15 
- 4.80 
9 . 60 ' 
14.40 


8.0 
1 9 '. 5 

35.0 

47.0 


Cost, £ /kilobit 

0 . 890 
0.068 
0.061 
0.054 


Customers would be billed for actual message time, based on a six-second 
initial' period and six-second increments for additional time. .. The combine- : 
tion of three- : second switching time and six- second billing interval would 
offer distinct cost 'advantages for customers with substantial amounts of . . , 
traffic in messages of only a few seconds duration. The current cpromon. 

carrier network, by Comparison, requires approximately 20 ;seconds 'for 

switching and- bills for an initial three-minute period 'at the minimum. *;•’« 

9^2- UNIT INVESTMENT COSTS, MICRC)WAVE TERMINAL S AND - RELAYS 
• ' ‘ Investment costs of microwave terminals and relays are broken 
down to the level' of major components and functional elements in Table '9-2, 
using data from Cosgrove and Chipp (Ref. 9-1). The $161, 600 cost per 
relay statioiiv is 'divided approximately one-third each to building, site, and 
power; electronics and antenna system; and installation and engineering. , 
Costs are essentially independent of the number of channels;carried. 

Terminal costs show a similar apportionment of costs for small 
capacity terminals. However, the multiplexing equipment required is 
directly related to the terminal capacity, and costs for this equipment 
increase as the 0.85 power of channel capacity. Costs for large terminals 
with hundreds of channels are dominated by multiplex equipment costs and 
the attendant costs for documentation, spares, and support equipment. 

The unit costs of terminals and relays as a function of the number 
of channels of capacity are shown in Figure 9-3. These costs are 14 
percent greater than those based directly on the Cosgrove and Chipp data 
iQ order to match the Datran estimates. 
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Table 9-2. Microwave Relay Investment Costs 


30 -mile hops 150- ft guyed tower 

7-8 GHz frequency 4- ft antennas 


Typical Terminal 


Costs ($1000s) 


No. of 4 kHz Telephone Channels 

12 

24 

60 ‘ 

120 

Electronics ($19.5), 160 ft Waveguide($l . 0) 
Antenna & Tower ($6.0), Hardware ($1.0) 

27. 5 

27.5 

• 27.-5 ‘ 

• ’27.5 . 

Multiplex with Signalling . 

27.2 

42.2 

90.0 

Li 

162 . 0 

Total Electronics Cost . 

54.7 

69.7 

| 

189. 5 

.Documentation (6*3%) Transportation (2%), 
Spares (7%), Ground Support' Equip* (6* 3%) 
Total 21. 6% of Electronics Hardware Cost 

11.8 

I 

25.4 ; 

40. 9'' 

Installation, Engineering 

67.0 


71.0 ; 

• 76. 0 s ' 

Bldg. (200 ft^, $5.0); Power (15kw $20.0); 


- 


- 

Commercial Power ($10.0); Land, Grad- 
ing, Roads, Tower Foundation ($14*0); 
Fuel Storage (1000 gal, $1.0); Fencing 
(800 ft, $8*0) 

58.0 

58.0 

i 

58.0 

58.0 

Total 

BBS 

210. 8 

271.9 

364.4 

< 


x. 


Typical Relay ( 

(costs essentially independent of channel capacity) 

Cost ($1000s) 

Electronics ($38*0), W^ave guide ($2.0) Tower.and 
Antenna ($6.5), Hardware and Miscellaneous ($2.5) - 

49.0 

Documentation, Transportation, Spares, Support 
Equipment, Total 21*6% of electronic. equipment 

10.6 

Installation, Enginee ring 

44.0 

Building, Power, Site. Preparation, Roads, Fences, 
(same as for terminal) > 

58.0 

Total 

161.6 


9 -.' 


































The top curve of the figure includes the additional costs of message 
switching at $1160 per channel. 

9.3 ANNUAL OPERATIONS AND - 

Annual costs of operating and maintaining microwave relay systems 
are sensitive to system configuration. Low capacity, simple systems con- 
sisting of two terminals and a very few relays tend to have higher personnel 
costs and lower spares costs per dollar of initial investment than networks 
with many terminals and high capacity. The differences are the result of 
scale effects (doubling a terminal's cost/nay increase personnel costs by- - 
only a small fraction) and equipment mix (high capacity networks have a 
higher proportion of multiplexing and switching equipment cost, and thus » 
a higher proportion of spares costs). 

Differences due to configuration are apparent in the estimates of 
annual costs in Table 9~3 for two systems. One system, used by Cosgrove 
and Chipp for an example, is a single trunk system, 3000 miles long, with 
two terminals of 60 channel capacity. Switching equipment is not included. 
The other, the Datran system, has somewhat more than twice the length 
(and number of relays) and 36 terminals, most of which have channel 
capacities of 1000 to 2000 . Switching equipment is included. Annual costs 
for the former were 15.7 percent, for the latter, 11.2 percent of investment. 
A value of 14 percent of initial investment should be used for annual opera- 
tions and maintenance costs (capital recovery costs not included) for 
relatively short systems with two or three terminals and relatively few 
channels. For systems approximating eithe.r of the example systems in 
the table, the corresponding percentages may be used. 
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Table 9-3* Annual Operations and Maintenance Cost — 
Microwave Kelay Systems 


Cosgrove & Chipp 

Datran 

(Two Terminals* 99 Relays) 
(no switching costs) 

(36 Terminals, 2 41 Relays) 
(switching costs included) 

Cost Element and Cost 
Relationship 

Annual 

Cost 

($i000s) 

% of 1 

$16*6 M 
Invest* 

Cost Relationship 

Annual 

Cost 

($1000s) 

% of 
$179 M 
Invest, 

Personnel ( 104 @ $16* 000)^ 

1810 

10. 9 

Personnel (374 <§ $18, 200) 2 

6820 

3*8 

Replacement parts (10% of 
electronics cost) 

511 

3* 1 

Replacement parts (10% of 
electronics cost), 

12,000 

6* 7 

Utilities (101 stations @ $2000) 

202 

1.2 

Utilities (277 stations @ $2280) 2 

632 

0*4 

Fuel Oil {101 stations @ $300) 

30 

0*2 

Fuel Oil (277 stations @ $340) 2 

* 95 

0 * 1 

Misc, (1/4% of investment) 

42 

0. 3 

MiscJ ( 1 /4% of investment) 

j jg 

0.2 

Total 

2595 3 


Total 

19.995 3 

11.2 


^Includes 9% overhead and administration* 

Z 

Da t ran costs are about three years later than Cosgrov- Sc Chipp data and appear to be about 14% higher* 
Cosgrove & Chipp unit costs have been increased 14% appropriate for application to Datran system* 

3 

Does not include capital recovery costs* 
















10. U. S. POSTAL, SERVICE RATES 

As an alternative to the transfer- of data by communications satellite, 
the Postal Service may be used for transport and delivery of data or informa- 
tion in printed copy, photographs,, or rolls of tape. . The Postal Service 
rates below can serve as a basis for estimating cost for cost-effectiveness 
comparisons with space systems. 

Rates charged by the Postal Service cover much more than the 
transportation of mail from one place to anothe.r. .The rates also,- cover 
the costs of mail collection, sorting according to destination, local and 
long-haul transportation - , further sorting, and*Tocal transport and delivery. 
Costs other than transportation comprise .the bulk of the. costs, as seen 
below. 

Percent of Total 
Costs 

Collection 9 

Processing 32. 

Transporting ..11 

Delivery 42 

Administration 6 

100 

Processing and delivery costs are responsible for three-fourths 
of total costs. Comparisons of costs for postal services with costs of 
information transfer by satellite must include the corresponding processing 
and sorting function costs for the system which uses sa^fellites for trans- 
portation" if the comparisons are to be valid. 

Postal Service mail categories and charges are summarized below 
in sufficient detail to permit calculation of mailing costs according to the 
class of mail, the kind of sender, and the nature of the material. 

Rates for most mail classes vary with distance, with rate steps 
related to eight postal zones. Zone 1 surrounds the originating office direct 
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service area, and Zones 2 through 8 are circular bands at increasing 
distance. Zone charts which tabulate -destination postal zip codes by zone 
are used by post offices to determine zones and postal rates. These zone 
charts vary with the location of the origination post office. They are 
cumbersome to use in generalized studies inasmuch as zone charts for 
all originating post offices of concern in a study must be at hand in order 
to determine postal rates. Postal rates are tabulated on the following pages 
of this section in the form used by the Postal Service, i.e., with respect 
to zones. ' . 

Table 10-1 relates these zones to their approximate distances 
from the originating office, allowing the zone distance between two points 
to be determined without' resort to zone charts of either point. 

Table 10-2‘ outliries* the characte.ri sties, limitations, and costs ' 
of postal service by the major mail classifications, first through fourth ‘ 
class. Tables ' 10-3 through TO-6 provide rates detail that is too extensive 
for the format 'of Table 10-2. 

The detail in Table 10-2 and the supporting tables will be adequate 
in most cases to determine postal rates for specific prospective mail usage. 

In case of doubt, the main post office of any large, city can provide additional 
clarification. ** - 
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Table 10-1. Approximate Distances from Los Angeles 
to Postal Zones 1 through 8 


Zone 

Distance, miles-*- 

1 

£ 

Less than 50 

2 

50 to 125 

3 

125 to 250 * 

4 

250 to 600 

5 

600 to 1000 

6 

1000 to 1400 

7 

1400 to 1850 

8 

More than 1850 

— • 


Distances are approximate, based on scaling distances 
from Los Angeles to Zone boundaries as identified from 
tlie Postal Service Official Zone Chart for Los Angeles . 

'Less than 50 miles but greater than radius served ; *c 
directly by the originating post office. 




Table 10-2, Principal Mail Categories and Rates, U.S* Postal Service 



First Class 

Airmail 

' Priority 

Users, Uses 

Letters, cards, business 
reply mail; sealed parcels 

Same as first class’-. . 

Sealed parcels 

Characteristics, 

Limitations 

Written, typed mate ria!l 
must go first class 
Privacy assured, letters 
and sealed packages 
12 oz or less 

Same as first 'class, 
except: 

8 ,oz .or less 

i *_ N ' > 

Same as first class, 
except: 

>8 oz up to 70 lb 

Handling , 
Outgoing 

Transpo rtation 

Top priority-first dispatch' 

Fastest surface or space-* . 
available air over 200 miles 1 

* ' ■* 

Same as first class 
Fastest available 

Same .as first class 
Fastest available 

Cost 

6^ /card 

8£/oz •' .. , 

Bus. reply: 8^ /card 
• * * 

<2 oz, 8£/oz -f 2£ each piece 

>2 oz, 8£/oz 4* each piece 

9^ /card 

1 1£ /,oz 

Bus. reply: 11^ /card 
<2 oz, 11^ /oz + 2£ each - 
>2 oz, 11^ /oz + 5<£ each 

hi mi i , 

See Table 10-3 


l - 

First Class mail is, essentially, M unguaranteed airmail 11 * Currently a large portion, 
roughly three- fourths, of first class mail from post offices in major metropolitan centers 
goes by air to destinations more than a few hundred miles away* 
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Table 10-2. Principal Mail Categories and Rates, U.S, Postal Se rvice (cont’d) 



Second Class* 


Zone Rate Publ. 

Classroom Publ* 

Non-Profit Publ, 

Transient Rate 

Users, Uses 

Mass circulation 
magazines and 
business publica- 
tions 

Publishers of 
weekly scholastic 
magazines and 
Sunday School 
journals 

Churches, schools, 
labor unions, 
fraternal orders, 
scientific societies, 
veterans' org. , 
Scouts 

General public 

Cha rac te r i s ti c s , 
Limitations 





Handling 

Outgoing 

T ran s pb rtation 
Incoming 

2 

.Within 24 hours 

Fastest surface 

No later than 2nd 
day 

Same as column 
to left 

Same 

Same 

r. 

Same as column to 
left 

Same 

Same 

Same as column to 
left 

Same • 

Same • • 

Cost 

See - Table- 10-4 

See Table 10-4 

See Table 10-4 

first Z pz 

, per additional oz 


^Rates and characteristics of second class mail delivered in the same county have been excluded 
from the table because they would be of no value to the purposes of this document. 

^fajor publishers pre-sort and-de liver to the post office on schedules designed to minimize 
post office costsi These arrangements' typically result in faster service. 




Table 10-2, Principal Mail Categories and Rates, U.S, Postal Service (cont'd) 




' 


Third Class 


Controlled 
' , , Circulation 

, t 

»> » . 


Single Piece Rate 

Bulk Rate, ‘Reg.* 

Bulk Hate, Non- 
Profit • 

Users, Uses 

Greeting cards, 
small parcels, 
printed matter, 
booklets, mail 
order catalogs, 
general public 

Quantity advertising 
newsletters, book- 
lets, catalogs, 
samples, seeds 

Quantity mailings . 
for fund raising 
newsletters, reports, 
booklets, non-profit 
corporations 

Magazines & periodicals 
not 2nd class because 
circulated to readers 
without change, trade 
publications 

9 

Characte ristics, 
Limitations 

Less than one pound 
' per piece 

Less than one pound 
per piece 

Less than one pound 
per piece 

25% non-advertising min. 
24 pages, minimum 

Handling 

Outgoing 

Within 24 hours 

Same 

Same 

Same 

Transportation 

Earliest surface 

Same 

Same 

Same 

Incoming 

No later than 2nd 
day * 

Same 

Same 

Same 

Cost 

8*, 1st 2 oz 
2* per add’l oz 

Circulars: 

23* /lb, l 

4, 0-4. 2 * each 
minimum 

Circulars: > ■ 

n* /lb 

1,7* each, minimum 

- < 

15*/lb 

4* each, minimum 

• 

< .. . 

Books: 

17* /lb * 

4/0-4. 2* .each 
minimum 

”■ 1 

Books: 

8*/lb 

\1 . 7£,each minimum- 

• 


*The higher minimum rate applies when more than 250, 000 pieces are mailed per year. 






Table 10-2. Principal Mail Categories and Rates, U.S. Postal Service (cont'd) 


' 

Fourth Class 


Educational 

Materials 

* Library 

Mate rials 

Parcel Post 

T 

Catalogs 

Users, Uses 

Books, films, 
catalogs, recordings, 
printed music, other 
educational mater- 
ials, book and record 
publishing clubs, 
book dealers 

Similar to n educa- 
tional materials'' 
category but mailed 
by libraries or 
other educational . 
institutions 

All mailable matter 
not in any: other 
class 

< 

Catalogs and similar 
printed and bound 
material 

Characte ristics, 
Limitations 



, 70 pounds, max, 1 

8 oz to 10 pounds, 

24 pp or more in- 
dividually addressed 

Handling 

Outgoing 

Within 24 hours 

Same 


Same 

Transportation 

Earliest surface 

Same 

Same 

Same 

Incoming 

. 

Within 24 hours 

'Same 

Same 

Sarrie 

Cost 

14<£, first pound 
7^ each add T l pound 

*6£, first pound 
2<£ each addl 1 pound 

See Table 10-5 

See Table 10-5 












•Table 10-3. Priority Mail Rates 


Weight 

ov<r a 

ounm 
and not 



RATE 





Pff^B 



Mi 


. 



/(MU 4 

/one 5 

m 

/oik 7 

Zone ft 

l 

H 


*1.00 

t 00 

1 00 


\'Vt . - 



1.25 

1.30 

i.to 


2 . 

IK!!® 

|MQS 

1.51 

' 1.60 

I 68 

1.77 

2 -«. 

1.60 


1.76 

1.90 

2.02 

2.16 

3. . 

L80 


2.01 

2 20 

2 36 

2.54 

3% . . 

2 00 

2 08 

2.26 

2 49 

2 69 

293 

4 

2.20 

2.30 

2.52 

2.79 

3 03 

3 31 

t'h 

240 

251 

2.77 

3 09 

3 37 


S. 

2.60 

2.73 

3 02 

3 39 

371 

4 08 

6 


3 23 

358 

4.03 

4 43 

. 488 

7. .. 


3 73 

4.14 

4 67 

' 5 15 

568 

8 . 

104 

4 23 

4.70 

5 31 

5 87 

6.48 

9 . - 

4.52 

4.73 

526 

5 95 

6 59 

7.28 

10 . 

5 00 

5.23 

5 82 

6.59 

731 

8 08 

11 ... 

5 48 

S 73 

638 

7.23 

8.03 

8.88 

12 

596 

6.23 

' 6 94 

7 87 

8 75 

9.68 

13. 

6.44 

6.73 

7 50 

8 51 

9 47 

1048 

14 . 

6 92 

7.23 

806 

9 15 

10 19 

1 ! 28 

15 

7.40 

7.73 

8.62 

9.79 

10.91 

12 08 

16 .. 

mmm 

1 

mm 

' 10.43 

11.63 

12.88 

17. . . 


Bill 


11.07 

12 35 

1368 

is 

tSgfwM 



11.71 

13 07 

1448 

19 


9.73 

JT j 

12 35 

13.79 

15 28 

20 


10 23 


12.99 

14.51 

16.08 

21 ... 


10.73 


» 13.63 

15 23 

16 88 

22 ... 

10 76 

11 23 

12.54 

14 27 

15 95 

17 68 

23-... 

11.24 

11.73 

13.10 

14.91 

16.67 

18.48 

24 

11.72 

12 23 

13 66 

15 55 

17.39 

19.28 

25 

12.20 

12.73 

14.22 

16 19 

18 11 

20 08 

26 

12.68 

1323 

in 

16 83 

18 83 

20 88 

27 ... 

13 16 

13 73 

I ESI 

17.47 

19 55 

21.68 

28.. . 

13 64 

14.23 

l»a 

is n 

20 27 

22.48 

29 

14.12 

14.73 

m 

18.75 

20 99 

23 28 

30- . 

1460 

15.23 

17 02 

, 19.39 

21 71 

24 08 

Il 

1 i 08 

15 73 

17.58 

20 03 

22 43 

24.88 

32 

15.56 

16 23 

18.14 

20 67 

23 IS 

25.68 

33 ... 

16.04 

16.73 

18.70 

21.31 

23 87 

26 48 

34 

16.52 

17.23 

19.26 

21.95 

24 59 

27 28 

35 

17.00 

17.73 

19-82 

22.59 

25.31 

28 08 
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Weight 
ovet ft 
ounces 
and n«t 

RATE 



mg: 

Lmjl 







/ones 1 


Zone 5 

Zone f» 

Zone 1 

Zone It 

(ths ) 

2 and 3 

1 


; 



36. -- 

mm 

9 

2038 

ESI 

26 03 

28 88 

37 .. 

K IBM 

9 

20.94 

EH 

26-75 

29.68 

38 .. 

■ ] ■ n 

19.23 

21 50 

24 51 

27 47 

30.48 

39.. . 


19 73 

22 06 

25.15 

28.19 

31.28 


19.40 

20 23 

22 62 

25.79 

28.91 

32 08 

41 ... 

19.88 

20.73^ 

23.18 

26 43 

29 63 

32 88 

42 

20.36 

21.23 

23.74 

27.07 

30 35 

33.68 

43 

20 84 

21 73 

24 30 

27.71 

31 07 

34 48 

44 

21.32 

22 23 

24.86 

28.35 . 

31.79 

35 28 

45 .. 

21.80 

22T73 

25.42 

28.99 

32.51 

36 08 

46....- 

Bt • . 

23 23 

25 98 

29 63 

33 23 

36 88 

* 47 % ... 

ElilBI 1 

23/73 

26 54 

30 27 

33 95 

37.68 

* 48.. . 

23 24 

24 23 

27 10 

30 9! 

34 67 

38 4 8 

49 

23 72 

24.73 

27 66 

31.55 

35 39 

39 28 

50. .. 

24 20 

25 23 

28 22 

32.19 

36 11 

40 08 

51 . ... 

24.68 

25.73 

28 78 

32 83 

36 83 

40 88 

52.. . 

25.16 

26 23 

29 34 

33 47 

37 55 

41.68 

53 . . . 

25 64 

26 73 

29.90 

3W.1I 

38 27 

42 48 

54 

2612 - 

27.23 

30.46 

34.75 

38.99 

43 28 

55. .. 

26 60 

27 73 

31.02 

35 39 

39.71 

44 08 

56. .. 

27 08 

28.23 ’ 

31 58 

36 03 

40 43 

44.88 

57.. 

27.56 

28 73 

32.14 

36 67 

41.15 

45 68 

58 

28 04 

29 23 

32.70 

37 3! 

41 87 

46.48 

59 ... 

28 52 

29 73 

33.26 

37.95 

42 59 

47 28 


29 00 

30 23 

33 82 

38 59 

43 31 

48.08 

61 .. . 

29.48 

30.73 

34.38 

39 23 

44 03 

48 88 

62 .. 

29.96 

31 23 

34.94 

39 87 

‘44 75 

49 68 

63 

30.44 

31.73 

35 50 

-40.51 

45.47 

50.48 

64 . . 

30.92 

32 23 

36 06 

41.15 

46.19 

51 28 

65 . . ... 

31.40 

32 73 

36 62 

41.79 

46.91 

52.08 

66 

31.88 

33.23 

37.18 

42.43 

47.63 

52 88 

67 

32.36 

33 73 

37.74 

EMI 

48 35 

53 68 

68 

32.84 

34 23 

38.30 

43.71 

49 07 

54 48 

69 .. 

33 32 

34 73 

38 86 

44 35 

49 79 

55 28 



35 23 

39.42 

44.99 

'50 51 

56.08 

















































Table 10-4. Second Class Postal Rates' 


— — 7 

Second Class Category 

Zone-Rate 

Publications 

Classroom 

Publications 

Non-Profit^ 

Publications 

Cost * 


* 


1. Reading Matter, £/lb 

4.0 

2.3 

2.4 

2. Advertising matter, £/lb 




Zones 1 and 2 

' 6.0 J 

3. 6 

. 4.4 

Zone 3 

’ 7.2 

4.4 

5.2 

Zone 4 

9.6 

5. 9 

6:. 9 

Zone 5 

11. 9 

7.4 

• 8.6 

Zone 6 

14. 4 

9.0 

9', 4 

Zone 7 

15. 3 

9.5 

9; 5 

Zone 8 

17.8 

11. 1 

9.7 

3. Charge per piece 

0.2 

0. 1 

O 

o 

4. (Minimum total charge per 

(■1.3). ' 

(0.8) • 

(0.2) 

piece) 






1 ^ 

Total cost per piece' is the .sum of Items 1, 2, and 3, but not less than item 4. 

2 

4. 6£ /lb for authorized agricultural publications (Zones 1 and 2).' 

3 

Non-profit publications with less than 10 percent advertising are charged at the reading 
matter rate. 





























































































Table 10-6. Fourth Class Mail, Catalog Rates 


Individual Mailings 


Zones, Costs in cents 


1 & 2 

3 

4 

5 

6 

7 

8 

1.5 

28 

34 

34 

36 

38 

40 

42 

46- 

2.0 

29 

35 

36 

38 

41 

43 

47 

51 

2.5 

30 

. 37 

38 

41 

43 

47 

51 

56 

3.0 

31 

39 

40 

43 

47 

51 

56 

62 

-3.5 

32 

40 

‘42 

46 

50 

55 

60 

67 

4.0 

-33 

42 

44 

• 48 J 

53 

58 

65 

73 

4.5 

34 

44 

46 

51 

56 

62 

69 

78 

• 5.0 

35 

45 

48 

53 ' 

59 

66 

74 

83 

6.0 

37- 

49 

52 ’’ 

58 . 

65 

73 

83 

94 

- 7.0 

39 

52 

.56 

63 

71 

81 

92 

105 

8.0 

41 

- 56 

60 

68 

77 

88 


116 

■ 9.0 

43 

59 

64 

73 

83. 

96 


127 

10.0 

45 

62 

68 - 

78 

89 

103 

1 

137 


Bulk Mailings^ 


Zones 

Piece 

Rate, 

cents 

Bulk 
. Pound 
Rate, 
cents 

Local 

21 

- 2. 1 

1 and 2 

25 

3.4 

3 

25 

4.0 

4 . 

25 

5.0 • 

• 5 

25 

6. 1 

6 

25 

' 7. 5 

7 

' 25 

9. 1 

8 

26 

10.8 


300 pieces, minimum, mailed at one time. Total cost is sum of 
piece rate times number of pieces and pound rate times number of 
pounds. 
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11. SUBMARINE TELEPHONE CABLE COSTS 


The first of the transoceanic submarine telephone cables was ' 
AT&T's TAT-1 ('.'Trans-Atlantic Telephone"), which went into service ,in 
1956, providing 51 telephone circuits of 3 kHz bandwidth between the U. S. 
and England. Since that time, cables of increasingly larger capacity have 
been installed. AT&T's most recent transatlantic cable, TAT- 5, carries 
825 telephone circuit's of 3 kHz bandwidth; and the current generation of • 
British cables has a capacity of 1840 circuits of 3 kHz bandwidth or 1380 
circuits of 4 kHz bandwidth* Currently, submarine cables connect North 
America with Europe, the Bahamas, the Caribbean Islands,. South America, 
Hawaii, Guam, Japan, New Zealand, Australia, the Philippines, and 
several points in the East Indies and Southeast Asia. Cables also inter- 
connect Europe with the Near East and with South Africa. 

11.1 INVESTMENT COSTS . 

tmproveiiients 'in technology and economies of scale have reduced 
the investment cost per submarine telephone cable circuit by an order of 
magnitude, as shown in Figure 11-1. The figure shows the investment cpst 
per half-circuit^ per kilometer versus capacity in half-circuits for the 
three groups of cables: the first cables of the late 1950's with 70.‘to 80 half- 
circuits, the-cables of the 1960's with 100 to 1250 half-ci'rcuits, and the •- • 
cables planned for installation in the 1970's with capacities to about 6000 
half- circuits. Cables with over 20/000 half-circuits, which are under 
development by AT&T for installation about 1976, are not shown because 
no estimated costs are available; Telephone half-circuit bandwidths of 3 
kHz are usually- provided in submarine cables. However, in Figure 11-1 
the capacities are plotted in terms of 4 kHz bandwidth rather than the 


Two half- circuits, or channels, are required for a two-way telephone 
circuit. 
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COST/HA LF -CIRCUIT/km 


XIOOl 


XIOl 



1956-1959 


1950's TECHNOLOGY 

ARMORED TWIN CABLES 
VACUUM TUBE REPEATERS 


1963- 

1966 


COSTS ARE NORMALIZED TO 
4000 km. 


•1960’s TECHNOLOGY • 

UNARMORED CABLE (1/5 AS 
HEAVY IN WATER), SMALLER 
TRANSISTORIZED REPEATERS, 
IMPROVED CABLE-LAYING 
EQUIPMENT 


1968-1970 

1972-1973 


1970’s 

TECHNOLOGY 


•EFFECT OF ESTIMATED RANGE 
OF CAPACITIES. APPROXIMATELY 
7.5 PERCENT R&D. 


1 I llli I I 


1 Lj-Lu 


till iJj-UJ 


10 20 40 ■ 60 100 , 200 400 600 1000 2000 4000 6000 10,000 

CAPACITY, No. OF 4 kHz TELEPHONE HALF-CIRCUITS 


Figure 11-1. Investment Cost of Submarine Telephone Cables 
(1973 Dollars) per Half -Circuit per Kilometer 


REPIMM^IBILITY OF' THE 
OBlGtlGaw PAOE? IS POOR- 



nominal 3 kHz bandwidth in the interest of comparability with overland 
and satellite communication systems, which usually provide 4 kHz 
bandwidth. 

The reduction of investment cost per half- circuit per kilometer 
over, the past 15‘years^ha*s resulted from two factors: improvements 
in technology and. increases in capacity per cable* The first cables were 
cumbersome and expensive to construct and lay* They employed vacuum- 
tube repeaters in bulky ; cannisters, and the armored twin cables were 
heavy and tended to kink [during laying operations. Cables of the 1960's 

4 ' ’ 

were unarmored single cables, about one-fifth the weight in water, using 
transistorized repeaters, in much ^smaller cannisters, and were easier 
and less expens iye to lay using equipment that had been brought into service 
after the first cables had been laid. Inasmuch as cable construction and 
laying costs are Relatively insensitive to capacity up to the^largest capacity 
available, costs per half- circuit dropped almost inversely as the available 
cable capacity increased,to about 200 to 250 half-circuits in the mid-1960 , s 
and about 1250 half- circuits by 1968* 

Costs based on AT&T estimates of investment costs for cables of 
2 500 -to 6000 half- circuits, in the lower right corner of the figure, reflect 
a further decrease in unit cost due both to economy of scale and further 
advances in technology,. 'The effect of advancing technology is indicated by 
the use of separate lines >in the figure to represent unit costs of the cables 
of the 1950 r s, 196Q r s, and 1970 T s* A line representing the technology of 
the 1980 r s would be lower than the line for the 1970's bv\a factor of 0. 73 if, 
appears to be reasonable, the 3. 1 percent per year trend of unit cost 
reduction for a particular capacity from the 1960 , s to the 1970 l s continues* 

Costs in Figure 11-1 have been* ; nomxalized to 4000 kilometers* 

(2486 miles) using the relative cost facto rs* of Figure li-2 to adjust for 
the effect of distance on cost per kilometer* These factors are based on 
estimated costs for ATfe^ 1 ^ TAT-3 cable system which is approximately 
6436 kilometers (400 0-miles) long. Eleven percent of the TAT-3 costs are 
cable terminal costs (Ref. 11-1) which are constant regardless of cable length* 
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The effect of these relative cost factors'is small for most cable 

•I * + ^ ^ 

systems since most cable. systems exceed 2500 kilometers, and the distance-, 
related posts of cable construction and laying are dominant. For cable 
systems shorter than 2500 kilometers, however, costs per mile should be 
adjusted. For these shorter systems the cable terminal costs. and the fixed 
costs associated with planning, and initiating the system 1 become an increas- 
ingly important part of- total costs, and costs per kilometer are- more than 
ten percent greater than the normalized values. 

The service life of a submarine cable is estimated by AT&T to be 
24 years. 

11. 2 ANNUAL OPERATING COSTS 

Annual operating costs, excluding administrative costs, for a 
sample of seven, submarine cable systems are derived from AT&T estimates 
of revenue required for .maintenance, depreciation, taxes, and return on 
investment.' Administrative expenses, excluded from the preceding estimates, 
are derived from expenses reported to the Federal Communications Com- 
mission (Ref. 11-2). Total annual operating costs as a percentage of gross 
investment are calculated from these two sources. 

Percent of 
Gross Investment 


Depreciation (24-year life) 


4.2 

Maintenance 


2.8 

Taxes and return on investment 


15. 3 

Administrative expenses^ 



Traffic 

0.6 


Comme rcial 

0.9 


Gene ral* Office 

1.7 


Othe r 

1.5 


Services from AT&T General 
Dept* 

0.9 


Total Administrative 


5.6 


Total Annual Operating and Maintenance 27.9 


Comments of AT&T on FCC Docket 18875, "Inquiry into Policy to be 
Followed in Future Licensing of Facilities for Overseas Communica- 
tions," August 19, 1970. 

2 Data are the 1969 values of AT&T Long Lines department expenses as 
a percentage of gross Long Lines plant cost. 
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The estimated revenue required for taxes and return on invest- 
ment, 15.3 percent, for the seven submarine cable systems can be 
compared to- a 1969 return of 17.3 percent on Long Lines Department 
net plant investment, of which 2.4 percent went to taxes other than Federal 
Income Tax, 7. 1 percent was required for Federal Income Tax, and 7.8 
percent remained as return on investment. , 

For purposes of estimating annual costs, excluding depreciation, 
taxes, and return, for submarine cable systems, the following may be 
used: • • 

Maintenance 2.8% of initial investment 

Administrative expense 5. 6% of initial investment 


TOTAL 


‘ 8.4% of initial investment. 



12. TERRESTRIAL POWER GENERATION SYSTEM COSTS 


Costs of nuclear electric power generation were estimated to 
provide baseline costs for comparing the estimated costs of a solar cell v 
power satellite (SCPS) system in the time period 1990 - 2020. * 

Nuclear power costs were selected for the comparison inasmuch 
as the bulk of new capacity added in this, time period will be nuclear 
according to Federal Power Commission estimates. According to'FPC 
estimates in the 1970 National Power Survey, approximately 45 percent' 
of U. S. generating capacity will be nuclear by 1990. Projecting the • 
trends to 2020, about 68 percent of capacity will be nuclear or new technology. 
In addition, both the nuclear and SCPS systems are best suited to s upply 
base load power. .Both systems have higher capital costs per kW of 
capacity and lower operating costs (including fuel) per kW hr produced , 
than fossil fueled plants; hence, the costs per kW hr for these systems 
are the most competitive relative to fossil-fueled system costs at high 
utilization rates. 

* X „ 

The SCPS system was assumed for the analysis to provide for 

a fraction, either ten percent or 25 percent, of the incremental growth 

of U. S. generating capacity beyond 1990 out to 2020. Growth of U. S. 

generating capacity was projected at six percent per year. Nuclear sys- 
‘ # ' * < * 
terns to provide the same capacities were assumed for comparison. 

Nuclear capacity installed in the 1990s was assumed to be 
of the boiling water reactor (BWR) or pressurized water reactor (PWR) 
types. Fast breeder reactors were assumed to be selected for all capacity 
added after 2000. These assumptions were intended to approximate a 
transition to fast breeder reactors from their initial commercial instal- 
lations in the 1980s to their dominance of newly installed capacity in the 
first decade of the next century. 
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Nuclear generation costs only were included. Transmission 
and distribution costs were excluded. Costs per unit output were calculated 
in terms of mills per kW hr generated, rather than per kW hr solid. 

Sales are about ten percent less than the amount generated owing to losses 
in transmission and distribution. Costs from the data sources were adjusted 
to April 1973 dollar levels using the Bureau of Labor Statistics index of 
wholesale prices, and further calculations and results were in constant 
April 1973 dollars. * 

The primary source of data for nuclear power facilities was 
the Federal Power Commission's 1'970 National Power Survey, December 
1971, which. provides estimates of costs and characteristics of the electric 
power industry based on-extensive data and analyses from the industry. 

The actual data are complete through 1968. 

Additional sources were ^ref erred to for information on fossil . 
and nuclear fuel resources and price projections, projections of nuclear 
technology, and projections of nuclear costs. Most of the additional informa- 
tion was- not used directly in arriving at cost estimates inasmuch as the 
FPC projections take into account anticipated changes in costs during the 
1970s and 1980s. 

12. 1 NUCLEAR INVESTMENT COSTS 

The following estimates of nuclear plant investment costs for 
BWR or PWR plants were the basis for the estimates used in this study. 

The FPC estimate applies to the 1970s and 1980s; the AEC model applies 
to the early 1980s. . Both estimates include interest costs during construc- 
tion; they do not include allowances for escalation of construction costs 
with time. 
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Unit’ 
Capacity 
* In 'MWe* 

1968$ 

m 

r 

• 1973$ 

FPC: 





Plant 

1200-2800 

222 /kW 


282/kW 

Nuclear Inventory 


30 /kW 


'32/kW 

Total 

" 

252 /kW 


320/kW 

AEC Model** 





Plant 

1000 

2000 


336/kW 

275/kW 

369/kW 
■' 302 /kW 

Nuclear Inventory 

. , - 


(not stated) 

(not stated) 


❖ MWe is megawatt electrical output capacity* * . 

** Estimates based on AEC cost model used by F. C. Olds, Capital Cost 
Calculation for Future Power Plants, Power Engineering, January ' 
1973* Includes costs for near-zero radiation waste control and cool- 
ing towers. 

Based on the data above, the plant investment cost for a large 
nuclear unit, 2000 MWE capacity, would cost about $300/kW (the simple 
average of $282 and $302, rounded up to $300). Thus the following invest- 
ment costs were used for nuclear plants with 2000 MWE units'^. 



** 

Time Period 

Cost/kW of Installed 
Capacity, 1973$ 

BWR and PWR . • 



Plant 

1990s 

300 . 

Nuclear Inventory 


38 

Total Investment 


338 

Fast Breeder Reactors 


i » 

Plant @ (1..23 x BWR 

. 2000 to 

3.69 

or PWR)* 

2020 


Nuclear Inventory** _ 


_38 

Total Investment 


407 


* Page IV- 1-58 of 1970 National Power Suevey. 

** Not estimated for FBRs in the source. Assumed, herein, that nuclear 
inventory cost will be the same for BWRs and PWRs. 

(1) Two or three units per plant site will be common. 
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nuclear plant annual costs 


The FPC data for annual plant operating costs were estimated 
in terms of O&M, G&A, fuel burnup, and annual fixed charges as follows: ■ 



Annual Cost Per kW.of 
Installed Capacity Per Year 


1968$ 

1973$ 

O&M (Payroll, Engineering 
Exp. , Supplies, Equipt. ) 

3.00 

. 3. 80 

G&A (17 % of O&M)* 

0. 52 

0. 66 

Fuel Burnup® 0.5 mills/ 
kW hr, 54% cap. factor 


2. 37 


* Page 1-19-19; ratio of G&A to O&M for power production, 1968. 


Annual fixed charges, per FPC estimates, page 1-19-6 of the 
1970 National Power Survey, figured in percent of gross investment are: 


Insurance 

0.2% 

Income Taxes 

2.2% 

Other Taxes 

2.4% 

Total 

4.8% 


The estimated O&M cost per kilowatt per year is an average 
derived from detailed estimates. for individual plants of various capacities 
and plants with one or more generating units. The fuel burnup cost of 
0.5 mills/kW hr is an estimated composite cost. Fuel costs are estimated 
to decline rapidly with the introduction of FBRs from 1.2 malls /kW hr 
(1968$) for BWRs and PWRs in 1990 to 0.4 mills/kW hr (1968$) for FBRs 
in 1995. This latter cost, adjusted to 0.5 mills/kW hr (1973$) was used 
to estimate fuel costs for the entire period from 1990 to 2020. Higher 
costs in the first decade of the period would tend to be offset by lower 
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costs in the second two decades, if it is assumed that fuel costs will be 
reduced further in the period 2000 to 2020. 

A capacity factor^ of 54 percent was. assumed for the economic 
analysis to determine costs per kW- hr generated. This is the. FPC's 
estimated average factor for all types of electrical generation in 1990. 

Documents used to derive the above information are listed as 
References 12-1 through 12-9 in Section 14 of this volume of the final 
report. 


(1) Ratio of kW hr per year generated and sold to kW hr capacity (kW 
capacity times 8766 hours per year),.- 



13. COST EFFECTIVENESS COMPUTER PROGRAM 

The listing for the Cost Effectiveness Computer Program 
is listed in APL language on Figures 13-1 through 13-16. 
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ATK- 74(7 342)- 1 
Vol, IH, Part 4 
Revision 1 

SATELLITE R AND D 
tUSSIOU EQUIPMENT 
SPACECRAFT 

SATELLITE INVESTMENT 
MISSION EQUIPMENT 
SPACECRAFT 
SATELLITE OPERATIONS 
L/V DIRECT OPERATING COSTS 
CPOUUD SISTEM INVESTMENT 
ELECTRONICS 
SUPPORT FACILITIES 
GROUND SISTER. OPERATIONS 
TOTAL SISTER COSTS 
I EARS AFTER START 
NPV FACTOR . 

UNIT DEMAND PER YEAR 
NPV UNIT DEMAND 
SATELLITE R AND D REVENUE 

NPV MISSION EQUIPMENT P. AND D 
MISSION EQUIPMENT UNIT CHARGE 
MISSION EQUIPMENT REVENUE ■ 

PPV CP ACE CP AFT R AND D 
SPACECRAFT UNIT CHARGE 
SPACECRAFT REVENUE 
SATELLITE INVESTMENT REVENUE 

NPV MISSION EQUIPMFNT INVESTMENT 
MISSION EQUIPMENT UNIT CHARGE 
MISSION EQUIPMENT REVENUE 
NPV SPACECRAFT INVESTMENT 
SPACECRAFT UNIT CHARGE 
SPACECRAFT REVENUE 
SATELLITE OPERATING REVENUE 
NPV OPERATIONS 
OPERATIONS UNIT CHARGE 
OPERATIONS REVENUE 
L/V DOC REVENUE 
NPV L/V DOC 
L/V DOC UNIT CHARGE 
L/V DOC REVENUE 

GROUND SYSTEM INVESTMENT REVENUE 
NPV ELECTRONICS 
ELECTRONICS UNIT CHARGE 
ELECTRONICS REVENUE 
NPV SUPPORT FACILITIES 
SUPPORT FACILITIES UNIT CHARGF 
SUPPORT FACILITIES REVENUE 
GROUND SYSTEMS OPERATIONS REVENUE 
NPV OPERATIONS 
OPERATIONS UNIT CHARGE 
OPERATIONS REVENUE 
TOTAL SYSTEM CHARGE RATE 
TOTAL SYSTEM REVENUE 
TOTAL NPV OP SYSTEM COSTS 

Figure 13-1, Output, Cost/Revenue Analysis for 
Constant Dollars (CORAN) 
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ATR -74(7 342.) -1 
Vol. HI, .^Par.t 4 
Revision 1 


SATELLITE E AND D 
MISSION EQUIPMENT 
SPACECRAFT 

-SATELLITE INVESTMENT 
MISSION EQUIPMENT 
SPACECRAFT 

SATELLITE OPERATIONS 
L/V DIRECT OPERATING COSTS 
GROUND SYSTEM INVESTMENT 
ELECTRONICS 

SUPPORT FACILITIES 
GROUND SYSTEM OPERATIONS 
TOTAL SYSTEM COSTS 
YEARS AFTER START 
INFLATION 

TOTAL SYSTEM COST IN CURRENT DOLLARS 

CONSTANT DOLLAR NPV FACTOR 

CURRENT DOLLAR 'NPV FACTOR 

UNIT DEMAND PER YEAR 

NPV UNIT DEMAND 

SATELLITE R AND D REVENUE 

NPV MISSION EQUIPMENT R AND ■ D 
MISSION EQUIPMENT UNIT .CHARG 
MISSION EQUIPMENT REVrtlUF 
NPV SPACECRAFT R AND D 
SPACECRAFT UNIT CHARGE 
SPA CE CRAFT REVENUE 
SATELLITE INVESTMENT REVENUE 

NPV MISSION EQUIPMENT INVESTMENT 
MISSION EQUIPMENT UNIT CHARGE 
MISSION EQUIPMENT REVENUE 
NPV SPACECRAFT INVESTMENT 
SPACECRAFT UNIT CHARGE 
SPACECRAFT REVENUE 
SATELLITE OPERATING REVENUE 
NPV OPERATIONS 
OPERATIONS UNIT CHARGE ' 

OPERATIONS REVENUE 
L/V DOC REVENUE 
UPV L/V DOC 
L/V DOC UNIT CHARGE 
L/V DOC REVENUE 

GROUND SYSTEM INVESTMENT REVENUE 
NPV ELECTRONICS 
ELECTRONICS UNIT CHARGF 
ELECTRONICS REVENUE 
NPV SUPPORT FACILITIES 
SUPPORT FACILITIES UNIT CHARGE 
SUPPORT FACILITIES REVENUE 
GROUND SYSTEMS OPERATIONS REVENUE 
NPV OPERATIONS 
OPERATIONS UNIT CHARGE 
OPERATIONS REVENUE 
TOTAL SYSTEM CHARGE RATE 
TOTAL SYSTEM REVENUE 
TOTAL NPV OF SYSTEM COSTS 
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Figure 13-2. Output, Cost/Revenue Analysis for 
Current Dollars (CORANR) 
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Figure 13-3. The AFL Function CONST ANTD 
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VflXSJTlCITnv 
V Dir FAC 

ru RISK*- 4 2 pO 

1” 2 3 RISKt;ll+ 25 27 38 66 

r 3 3 RISKlj2 3«- 30 36 40 72 

C4] RECES*- 4 1 pO - 

T5.] RECESl ;13<- 0 25 25 25 

[6] • GRWTH+ 4 4 pO 

[7] (7/?r-'57/r ;!]*- 25 25 25 25 

r 8 3 'GRVTRZ ; 2 ]-<- 40 35 30 25 

C 9 3 CRVIHl ; 3 3-e- 80 65 50 35 

n-0 ] GRWTll f;43+- 125 100 75 50 
Gill SMF-*-SMF 

T12 3 SMIU-SM! 

[13 3 RSKN+-SVN-+T 

[143 .XRSVN+SVN + 1 
T153 FPROJ+FPROJ 
[163 +(FPR0J = 0) /T'l 
ri73 +(FPRO-J=l)/T3H 
T183 T3 4 : SPA RE+-SRA RE\ ' 

T123 -*-(SHARE>0 . 15)/5t”35 • 

[203 SHB+1 

r 21 3 " ->y3o. 

r 2 2 3 T35 ? ran *- 1 h i -spare ) 

r 2 3 3 2*36 : FECOR+F.ECON 

T24 3 •+(FECON-=0)./T2 

[25 3 +(RS*Nzl) /T'3 

[26 3 -*( (,RSMN<5)a(RSM 7 >1) )/T5 

■[273 + ( (7?5//.V<15) A(XS/7/>5) )/?6 

[28 3 yF-*-tf2’CE , S[4;ll-x0.001 

[293 -->2*4 

T 30 3 73 vUF*-RECES[ 1 ; 1 3 *0-. 001 
[313 +TH • 

[323 2*5 :UF*-RECES^ 2 il~\yiO . 001 
[33 3 -‘-7 , 4 

T343 IT6 : U F+-RECES T3;13 x 0.001 
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T373 ->-0 
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[393 ->( (RSt!!i<5 ) a (RSl t N>l ) ^(SMFSO .02) ) /T8 

[4 0 3 ->( (.RSMN<15)a(RSMN>5 )a(SMF$Q .02) )/T9 

[413 -*-( {F5W>15)a(,WFS0.02) )/T10 

T423 ** ( ( RSPT! SI ) a ( SMF>0 . 0 2 ) a ( SMF< 0.05) )/2’ll 

[433 + ( (i?S7-.W<5 )*(.RSMR>1)a(SMF>0 .02) a(SHF< 

0.05) )/2*12 
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[453 +( ( RSKS> 15 ) a(SMF> 0 .02) A (SMF£Q . 05 ) ) / 2’14 


Figure 13-4. The APJL Function DISFAC for Constant Dollars 
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[ 46 ] -*-[ LRSMN 41 ] 0 C SMF1 0 . 0 5 ] 0 CS//F4 0 . 0 8 ] ] /2 1 ! 5 

[47 ] C [ RSMNU 5 ] 0 [ RSMN 7 1 ] 0 [F M F7 0 . 0 5 ] 0 [ 5A/F4 

o.oe]]/2'i6 

[ 48 ] +-{ l RSMUH 1 5 ] 0 tRSb'in 5 ] 0 [ SUFI 0.05] 0 [FA/F4 
0.08]]/T17 

[49] -*( ( i?S7- f A'>15 ) A (F/-/F>0 . 05 ) A {.WF£0 .08) )/2’18 

[50] -*■< ( RSt-fNZl ) A ( SMF> 0.08))/2'19 

[51] ->•( ( OTS 5 ) a ( flSW>l ) a ( SA f F> 0 . 0 8 ) ) / 7 2 0 

[52] -*( (PFA f A’<15 ) a (7?5////>5 ) a(5A/F>0 .08) )/!F21 

[53] -*-((7?5W/>15)a(FA'F>0 .08) )/2’22 
T54] 2 1 ? : UF-*-ORRTK{. 1 ;l]x0.001 

[55] 
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[57] -^2’4 

[5 8] T9 : UF*-GRWTH[ 3 ; 1 ] xo . 0 01 
[59] ->2’4 

[80] T1 0 : UF+GRVTH [4;l]x0.001 

[61] -HT4 

[62] 2*11 : UF*-ORWTIiZ'i. ;2]x0.001 

T6 3] ->7’4 

[64] Tl 2 : UF+-CRWTH [2;2]x0.001 

[65] ->2*4 

[66] T1 3 : UF<-GRWTHt3 ; 2 ] xo .001 

T 6 7 ] ->?4 

[68] T1 4 : VF+GRWTH [4;2]x0.001 

[69] -*■2’ 4 

[70] T15 : UF-*-GRFTt!r.l ;3]x0.001 

[71] -*-5’4 

[72] 2*1 6 : VJF-f-CRVTU [2;3]x0.001 

[73] 
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[75] -*-2’4 
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[77] -»-2’4 
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[79] ■>2'4 
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[87] +{FRTSK=Z) /T2h 

[88] ( FRI SK-2) /T25 

[89] -+{FRISK= l)/? , 26 

f 9 0 ] -*■ ( FRISK = 0 ) I T 2 7 


Figure 13~4. The A PLi Function DISF AC for 
Constant Dollars (Cont'd) 
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[913 T23 : +(FRISK= 3 )/T2 8 
[923 FRISK=2)/T29 

[93] ' -*-(FRISK=l ) /7*30 

[94] -±<FRISK=0) /T31 

[95] 2*2 4 : UF+RISK [4;l]xo.001 

[•96] +T32 

[97] 72 5: UF<-RISKt3 ;l]xO.001 
[9 8] ->73 2 

[99] 212 6 :tfF«-i?JS£[2;l]x0.001 

[100] ->T32 

t 1 01 ]2*2 7 : VF+RISKl i \ 1 ] x 0 . 0 01 
[102] ->T32 

ri03 ] 2 , 2 8t UF*BISK\* ; 2 ] *0 . 001 

.[104] -*-2*32 ’ . 

[ 1 05 3T29 1 UF+RISKlZ ; 2 ] x‘o . 001 
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[113] F+ASSF 
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[116] G+[ /VG 
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[118] F+$MB*UF 

[119] -*■(<( |F)-( ! ASSF) )<0.0001)/jP 34 
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GSIVSF+CSIVSF 
GS0P+GS0P 
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PN+DN 
DN+Dff 

ARRi 2 ; 3 +MERD 
ARRlZi~\<-SCRD 
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AFRil&il-DH 


Figure 13-5. The APL Function DATA1N for 
Constant Dollars 
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V Z+{7 FFF, X-,D',E',FzG%n',I~,J;KiL;X 
[11 £>+' 0123456789.“* 

[21 + ( v / L J/+ ,.V+ ( F+0 ) x 2> 1 < p p A )JDFT r ERK+0xF<-2 

[31 +<3 2 1 <ppX) / (.DFTERR+F+-0) , 2 3 +126 

[4] -K 2+126) ,pA+( ( v/ 1 2 = pf*0<t> 1 2)iS?(l ,p ,A)pA 
[5 ] A+(0 1 1 /pX)pX 

[6] + ((A/(pJv')* 1 2 , 2*F+lp<i>p A) » l^pf/') / (DFTF,RRxF+-± ) > 3+1 

26 

m r+i+r/o,,Lio®U'+i>ix 

[8 ] r/+( 2+J+f/+ ( F/*0) +v/,A<0 ) ,f/ 

T9] +(v/2>-/[ll J7+^Tff,.2)pf/)/Z7Fj2 , Z777+0xF+2 . 

[10] Z+( ( A+lppA') , + /P , [l;])p* ' 

[11] A+L 0 . 5+A*10* ( p A) pP/[2 ; ] 

[12] DFTLP:-+(.E<1I+H+1') /PFTEND 

[13] J+1+L10 | ( | Y+A[ ;//] ) ° . +10* l+<Ju J+ft 7 [l ;//]. 

[14] <7+( ,J)x27+,<S}(<|)pJ)p( ,$(J*l)v. a(iJ)o.<iJ-F+ 1), (Zxl+F+y[ 

2 ; 7 ] ) p 1 

[15] +(A/0<F)/2+l26 

[16] J[l + (pJ) ri + (J- + /(F,r)p(?)+Jx l+iA]+12xJ<0 

[17] J+(F,J)pJ 

[18] +(0=F)/3+l26 

[19] J+Jt ;(l4nC), ((?+-/[/[ ;ff]) + iF] 

[20] cT[;7]+ll 

[21] -+DFTLP,pZ[ ;(+/r 7 [l;iF-l]) + tI]+P[l+J] 

[22] DFTEND : +F/0 

[23] +0xpZ+,Z 

[24] DFTERR: * DFT ',(3 6 p* RANK LENGTHDOMAIN * ) [F+l ; ] , ' PROBLEM . ’ 
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Figure 13-6. The APL Function DFT 
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[5] A , f-(<t>2p<{)pJ:)pJ ' 

[6] +((A/(pJ/)*' 1* 2 , 2 x&-f-i p ^p^) ,l* p w) /XFFTERRxK+1) ,'2+r 
26 , 

T 7 3 J/-K (/+ 6 +(-v/;j!f< 0 ) + v7,l>U),-^. 

[83 +(v/6>-/[n J7-*-i?(ff,2).pf'O7£'F2’^J?+0x^2 

C9] . Z^CF^lppyK + ZF/ri;]-)^. *' 

[103 EFTLP: + (E<H+R+1)'/-EFTEND 
mi 5 ^ 1 +Lio® i- Y+o=j-i-xr ;//: • 

[123 i/^l+LlO® l.J+O = y-f-LO.5+Cl’O*O-15)+'yxl.O*(0f-I/C2^/73)-5 
[133 J+('( ( 7’-4 ).pl )-,4pO)\l + LlO 1 ( | JvlO*£/>0.)'>.vlO*"l + f|)i H+F+OZl j#3 

[143 JZiT—2 l3-«-l + L10 ! ( \S-U*Q)°. * 10: 1. . . . ! 

[153 JZ ;( \U+T-ii+0„) ,r3^13 

ri'63 ' JZ ;l,y,2 , ,2’-33^(4,X)p(ifpll) , ( 13 + 0>J ,,9-1 ) ,Xpl2 

[173 JZ ;ir-33^7[;(l$itf+l)v(i/+i + i{?)3 

[183 JZ \T- 2 1 03^(-S<,0)'4>c7ri?’- 1 0-3 

ri93 ' -+EFTLP t pZ[ ;( + /F/[l;.iF-l3) + iy3-*-Z?[J3 

[203 EETENDi+Lfi 0 ‘ . 

[213 ->0xpZ+,Z . 

r 22 3 EFTERR : 1 EFT * , ( 3 6 p ’ ‘ RANK LEU GTE D OMA I N ’ ) [A+ 1 ; ] , * PROBLEM. 

• V . • - - ‘ • • ’ . ' ‘ 


Figure 13-7. The API, Function EFT . 
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Figure 13-8. The APL Function LOAD 
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Figure 13-9. The APL Fiinfction. EXECUTE for 
Constant Dollars 
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[5] * SMN- * ;SMN 

[6 3 ' SMF= ' ;S f, F 

[73 ' 1 

[S3 'SHARE*' ;SHARE ' 

[S3 * SMB = ' ; SMB 

[103 * UF * 1 ; UF 

[113 • 1 
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Figure 13-10. The APJL Function SHOW for 
Constant Dollars 
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• VCURRVNTD C33V 
V CURREWTD 

[13 ARRY 1 ; 1+-ARRY 2 ; 3+4i?/?[ 3 ; 3 
[ 2 D 47?i?[ 4 , 1*-ARRY 5 5 3+4i?i?[G ; 3 

[3 3 4J7/?r9;3-<-4W?[l0;3+Aftff[ll;3 

[4 3 ARBI 1 3 ; 1+AP.P.Y 1 ; ~i+ARRY 4 ; 1+ARPY 7 ; 3+4 /?/? l 8 ; 3+4/?/?[ 9 ; 3+4/?/?[ 1 2 ; 3 

[51 4/?/?[15;3«'(l+S/'i :, )*(A/?/?[14;3) . , 

[63 ARRY 1 6 ; 1-+ARPY 13 ; ] x4/?/?[ 15 ; 3 

[73 -+(FF=0)/T1 

[83 ->-YFF=l)/T2 

[93 F2:F=F 

[103 +r 3 

[113 T1 iDISFAC 

[ 123 TZ :4/?/?[17 5 3+(l+F)* ( -4/?/?[14 ; 3 ) 

[133 ARR ri8j3"**(3- +S'!R ) * ( -ARR [ 1 4 ; 3 ) 

[143 ARRY20 ; l+ARRY 18 ; 3 x4/?/?[13 ; 3 

T 1 5 3 ARRY21 ; 3+4/?/?[ 24 ; 3 i-ARRY 2 7 ; 3 

ri63 ZARR2 0+-+/4/?/?[ 20 ; 3 

[173 ARR[22 ; 1+ARPY 2 ; 3*4/?/?[17 ; 3 

[183 4/?/?[ 23 ; PS M’ 3-<-( + /ARRY 2 2 ; 3 ) * ZARR2 0 

[193 ARRY 24 ; 3+4/?/?[19 ; 3* ARRY 2 3 ; 3 * 

[203 ARRY2 5 ; 3+4/?Ff 3 ; 3 X ARRY 1 7 ; 3 

[213 ARRY 26 ; RSHM-t-Y +/ARRI 25 ; 3 )*ZARR 20 

[223 4/?/?[27;3-<-A/?/?[19;3x4/?/?[26;3 * 

[233 ARRY2S ; 1+-ARRY 31 1 1+ARRY 34 ; 3 

[243 4/?/?[ 29 ; ~]->-ARRY 5 ; 3 x 4/?/?[17 ; 3 

[253 ARRY 3 0 ;/?S////3+-( + /ARRY 2 9 ; 3 ) i ZARR2 0 

[26 3 ARRY 31; 1+-A/?/?[ 19 ; 3 x4/?/?[30 ; 3 

[273 4/?/?[32;3-«-4/?/?[6;3x4/?/?[17;3 - 

[2 83 ARRY 3 3 iRSMRj+Y + /4/?/?[ 32 ; 3 ) * Z4/?/?20 

[293 ARRY 34 ; 3+-4/?/?[19 ; 3 x 4 /?/?[ 33 ; 3 

[303 4/?/?[36;3+-4/?/?[7;3*4/?/?[17;3 

[313 ARRY 37 ; RSl J K']*-( + / ARRY 36 ; 3 ) *Z4/?/?20 

[323 ARRY 3 8 ; 3+-4/?/?[ 19 ; 3 x4/?/?[ 37 ; 3 

[333 4/?/?[35;3+-4/?/?[38;3 

[343 4/?/?[40;3+-4/?/?[8;3><4/?/?[17;3 

[35 3 4/?/?[41 ;/?SY , A’3'+( +/4/?i?[40 ; 3 ) *Z4/?/?20 

[363 4/?'/?[42 ; 3+-4/?/?r 19 ; 3 X 4J?/?[41 ; 3 

[373 ARRY 39 ; 3-*-4/?/?[42 ; 3 

[383 4/?/?[43;3+-4/?/?[46;3+4/?/?[49;D 

[393 4/?/?[44 ; 3+-4/?/?[l 0 ; 3 x4/?/?[ 17 ; 3 

[40 3 4/?/?[4 5 iRSPNZ+Y-t / ARRY 44 ; 3 ) * ZARR2 0 

[413 4/?/?[46;3+-4/?/?[19}3x4/?/?[45s3 

[423 4/?/?[47;3+-4/?/?[ll;3*A/?/?[17;3 

[433 4/?/?[48;/?FW/3+-(+/A/?J?[47;3 )*ZARR20 

[443 4/?/?[49s3+-A/?/?[19;Dx4/?/?[48;3 

[453 4/?/?[ 51 ; 3+-AJWE12 ; 3 * ARRY 17 ; 3 

[4 6 3 ARRY 5 2 ; 3+*( •*■/ ARRY 51 ; 3 )*ZARR20 

[473 4i?/?[ 53 ; 3+-4/?f?[ 1 9 ; 3 x4/?/?[ 52 ; 3 

[483 ARPY 50 ; 3-M/?/?[ 5 3 ; 3 

[49 3 ARRY 54 ; 3+"4/?/?[23 ; 3+A/?/?[26 ; 3+4/?/?[ 30 ; 3+47??? [ 33 ; 3 + 4/?/?[ 37 ; 1+ARRY 
41 ; 3+4ifJf[45 ; 3+4i?i7[48 ; D+4i?J?[ 52 ; 3 

[5 03 ARRY 5 5; ’}*-ARRY21 ; 3+4/?/?[ 2 8 ; 3+4/?/?[ 35 ; 3+4/?/?[ 39 ; 3+4/?J?[ 43 ; 3+4/?/?[ 
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[513 ARRY 5 6 ; 3 [ 2 2 ; 3+4/?/?[ 25 ; 3+4/?/?[ 29 ; 3 +4/?/?[ 32 ; D+4/?/?[36 ; 3 +//?/?[ 
4 0 ; 3 +ARR Y 44 ; ] +ARR [‘47 ; 3 +APR [ 5 1 ; 3 
[52 3 RPV'-+/ARRY22 i ]++/ARRY25;3++/ARRY29;]->- + /ARRY32}]++/ARRY 

36 ; 3 ++/4/?/?[40 ; 3++ /4/?/?[44; l++/4/?/?[4 7 ; J++/ARRY 51 ; ] 

[533 PEAK*-Y / ARRY1Z 
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77 ' 

Figure 13-11. The APL Function CURRENTB 
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VVISPACim 
V V1SPAC 

tl] RISK* 4 2 pO 

£2] RISKl ;1]-* 25 27 38 66 

£33 RISKl }2 ]-* 3X1 36 40 72 

D43 RECES* 4 1 pO 

£53 RECEShl'l* 0 25 25-25 

£6] GRWTR* 4 4 pO 

£7] GRWTHl ill* 25 25 25 25 

£83 GRWTHli 21* 40 35 30 25 

£93 ORWTIll i3l* 80 65 50 35 

£-103 GRPTR £;4]-* 125 100 75 50 

til 3 ' SFF*SMF 

£123 SNN*SPN 

r.133 Rsm*smi + 1 

£143 XRSM*SMF+ 1 

£153 FPRGJ *FPROJ 

£163 *{FPR0J~0)/T1 

£173 *(PPROJ-l)/I3H 

£183 T3MSHARE*SRARE 

£193 *(SHARE><3. 153/735 

£203 SttD* 1 

£213 -*736 

£223 T3S-.SNB*1H1-SFARE) 
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£283 tfF«-J?2?«i'Sf45 13* 0.001 

£293 -*74 

£303 73-: VF*RECESll ;1]*0.001 
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£323 75 4 0F*RECESl 2;l]x0.001 
£333 -*74 

£343 76 : VF*RECESl 3 ; 13*0 . 001 
£353 74 :F*SMBx[jp 
£363 734 : SMR *( ( 1+P)x ( 1+SMF) )-l 
£373 -*0 

£3 81 T2:*(.(PSt:N&l)A(SPF£0.02))/T7 

£393 -*{(7?5/fff<5)A(i?5W'>l)A(5MF£0.02) )/78" 

£ 4 0 3 -* ( ( RSI WS 1 5 ) A ( RSUH > 5 } A ( SM F<, 0 . 0 2 ) ) 7 79 

£41] -*< C^SA7.’>15)a(SJ»F£0.02) )/710 

£423 *((.RSMNZ1)a(SMF>0.02)a(SMF£0.0S))/T11 

£43] -*( (PSHNZS) A(RSMt!>l)A(SMF>0 . 02 ) a(S^F^O . 05 ) )/712 

£44] •*< (J?5.'7'S15)A(J?5Wff>5)A(5W?>0.02)A(5J!fF£0.05) )/713 

£45 3 -*< (RSl 4 N>15)A (SMF>0 . 02 ) A(5A f FS0 . 05 ) )7714 


Figure 13-12. The APL Function DISFAC for 
Current Dollars 
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Figure 13-13. The AFL Function DATAIN for 
Current Dollars 
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Figure 13-14. The APL Function EXECUTE for 
Current Dollars 
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Figure 13-15. The APL Function SHOW for 
• • Current Dollars 
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Figure 13-16. The APL Function PRT 
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